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METHOD AND DEVICE FOR DATA PROCESSING 
FIELD OF THE INVENTION 

The present invention relates to improvements in 
multidimensional fields of data processing cells for data 
processing . 

BACKGROUND INFORMATION 

Multidimensional fields of data processing cells are 
conventional. The generic class of these modules includes in 
particular systolic arrays, neural networks, multiprocessor 
systems, processors having a plurality of arithmetic units 
and/or logic cells and/or communicative/peripheral cells (IO) , 
interconnection and network modules such as crossbar switches 
as well as known modules of the generic types FPGA, DPGA, 
Chameleon, XPUTER, etc. In particular, there are conventional 
modules in which first cells are reconf igurable during runtime 
without interfering with the operation of other cells (see, 
for example, the following patent applications, assigned to 
PACT XPP Technologies AG or its predecessor companies and/or 
of which Martin Vorbach is an inventor (hereinafter "PACT 
Technologies' 7 ): DE 44 16 881.0-53, DE 197 81 412.3, 
DE 197 81 483.2, DE 196 54 846.2-53, DE 196 54 593.5-53, 
DE 197 04 044.6-53, DE 198 80 129.7, DE 198 61 088.2-53, 
DE 199 80 312.9, PCT/DE00/ 018 69 , DE 100 36 627.9-33, 
DE 100 28 397.7, DE 101 10 530.4, DE 101 11 014.6, 
PCT/EP 00/10516, EP 01 102 674.7). These are herewith 
incorporated fully into the present text for disclosure 
purposes . 

Modules designed in this way are high performance modules but 
their use is often prohibitive because of high costs. In cases 
where cost is particularly relevant in mass production, it is 
therefore customary at the present time to provide dedicated 
logic circuits in the form of ASICs and the like. However, 
these have the problem of entailing particularly high 
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development costs because designing the circuit and 
manufacturing the plurality of masks are both expensive. 



SUMMARY 

An object of the present invention is to provide a module, the 
use of which is less prohibitive, due to decreased cost. 

In an example embodiment of the present invention, in a data 
processing system having a multidimensional field of cell 
elements configurable in function and/ or interconnection, and 
a configuration maintenance memory assigned to them for local 
configuration maintenance, the configuration maintenance 
memory are designed to maintain at least a portion of the 
maintained configurations in nonvolatile form. 

Performance of the multidimensional processor fields may be 
optimized by first providing a plurality of cells that are 
capable of a great variety of different functions per se, but 
then, of this multitude of different functions, providing only 
one or a few functions per each cell. In comparison with 
dedicated circuit design of ASICs and the like, in which 
exactly the circuits required for the needed functions are 
provided, this may yield major cost advantages because it is 
possible to rely on easily programmable units or thoroughly 
tested modules, so no high development and/or testing costs 
are incurred, nor the high costs for the plurality of masks 
that would otherwise be required in dedicated ASIC design. The 
design may be accomplished via conventional design programs 
for logic circuits in which modules for the cells, 
interconnection architecture elements, etc., are provided or 
in which an analog reconf igurable system is configured in such 
a way until it yields the desired results and then the 
corresponding functionality is fixedly preselected in a 
system. 

In one example embodiment, the function may be configurable in 
a coarse granular form, e.g., if the configuration maintenance 
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memory must maintain only a few bits to determine the 
particular function of the cell. This may facilitate 
maintaining a plurality of configurations that are to be 
processed successively but are fixedly preselected at least in 
part. At least one of ALUs, EALUs, RAM cells, I/O cells and 
logic blocks may be provided as cell elements. Interconnection 
may also be configurable in a coarse granular form, e.g., 
where only a few bits are set to provide the interconnection. 
Alternatively, the interconnection may be preselected at least 
largely in a fixed form and only the particular function 
varied. For example, the interconnection preselection may be 
implemented when the finished module is to execute a certain 
function of a number of preselected functions, e.g., in its 
function as in wave reconfiguration, but the interconnection 
itself is fixed. To do so, only a nearest neighbor connection 
may be provided in certain partial areas (reference is made to 
the patent application filed simultaneously by Pact 
Technologies regarding the increase in nearest neighbor 
dimensionality and/or connectivity for disclosure purposes) , 
of which a few of the nearest neighbor connections are 
activated and a few are deactivated. In other areas, however, 
a variable circuit arrangement and/or bus structure may be 
provided; if necessary, it may also be run-time 
reconf igurable, for example. It should be pointed out that, 
depending on user requirements, a plurality of different 
functions may be provided using a module which is unchanged 
except for the specified configuration, so that mask costs are 
distributed among a plurality of modules and therefore are no 
longer so significant . 

In an example embodiment, a separate configuration maintenance 
memory may be provided for each cell element. These 
configuration maintenance memories may replace the 
configuration registers which are provided in XPP 
architectures and may be accessed from a central configuration 
memory. It is possible to maintain a plurality of 
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configurations in the configuration maintenance memory; this 
allows, for example, run- time reconfiguration without having 
to integrate a configuration unit, which is also expensive and 
requires silicon area. The choice of configurations to be 
activated in each case may be made within the field via status 
triggers, data operations, sequencer systems, etc. In an 
example embodiment, multiple, fixedly preselected, nonvolatile 
configurations may be preselected in the configuration 
maintenance memory. Alternatively, volatile and nonvolatile 
configurations may be used. It should be pointed out that 
there may be a partial or complete specification of the 
configuration before the actual startup or each actual 
startup. To do so, data input in a suitable manner may be 
treated as configurations to be stored. Since such advance 
storing of reconfiguration data need not be performed without 
interfering with production, this opens up other possibilities 
of simplifying the architecture. Reference should be made here 
to wormhole routing, as it is called, which does not function 
with run-time reconf igurable units. Alternatively and/or 
additionally, with some cells, a configuration maintenance 
memory may be provided with variable configurations in 
runtime, e.g., some cells are reconfigured via a configuration 
manager or by some other means . 

The variable variety of maintained and/or predefined 
configurations to be used in each case may be determined 
and/or revised in particular as wave reconfiguration or local 
sequencing. 

The configuration maintenance memory may be designed, e.g., as 
ROM, EPROM, EEPROM, flash memories, fuse- or antif use- 
programmable memory and/or memory fixedly provided, for 
example, in the upper layers of a silicon structure. Systems 
of a large number of units that easily and simply provide the 
configuration may be provided. This may be achieved through 
suitable masking on the upper metal layers (e.g., layer M4 
and/or M5) at the time of manufacture and/or through 
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fuse/antifuse techniques. With the latter, changes may be more 
easily implementable when there are changes in function in an 
ongoing series . 

In an example embodiment, a module of defined function is 
obtainable with the system in that a multidimensional field 
having cell elements configurable in function and/or 
interconnection and a configuration maintenance memory 
assigned to them are preselected for the local configuration 
maintenance; this determines which configurations are to be 
maintained in them, and then nonvolatile configuration 
maintenance memories are provided so that they maintain at 
least a portion of the maintained configurations in a 
nonvolatile form. It is possible to start here from a 
multidimensional field that is reconf igurable in runtime, that 
has a higher functionality and then the design may be reduced 
by certain functions until a core component or component block 
having a preselected architecture is obtained in which only a 
few free configurations are to be determined. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram that illustrates an example data 
processing system according to an example embodiment of the 
present invention. 

Fig. 2 is a diagram that illustrates details of an example 
cell element of the example data processing system, according 
to an example embodiment of the present invention. 

Fig. 3a is a diagram that illustrates example components of a 
simple cell, according to an example embodiment of the present 
invention. 

Fig. 3b is a diagram that illustrates example components of an 
extended cell, according to an example embodiment of the 
present invention. 
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Fig. 3c is a diagram that illustrates one example 
implementation of BUFFO and/or BUFFI, according to an example 
embodiment of the present invention. 

Fig . 3d illustrates the calculation of an expression 
f(t)*g(t), according to an example embodiment of the present 
invention. 

Fig. 4 is a diagram that illustrates an example processing 
system according to an example embodiment of the present 
invention. 

Fig. 5a illustrates a multidimensional field of data handling 
elements in a state that is to be partially reconfigured, 
according to an example embodiment of the present invention. 

Fig. 5b illustrates examples of different configuration 
geometries . 

Fig. 5c illustrates an example processor partially 
reconfigured in runtime, according to an example embodiment of 
the present invention. 

Fig. 6a illustrates a multidimensional field of reconf igurable 
elements communicating with one another, the elements being 
designed for bus setup, before the start of bus setup, 
according to an example embodiment of the present invention. 

Fig. 6b illustrates the field of Fig. 6a after a first bus 
setup step, according to an example embodiment of the present 
invention. 

Fig. 6c illustrates the field of Fig. 6a after, a second bus 
setup step, according to an example embodiment of the present 
invention. 

Fig. 6d illustrates the field of Fig. 6a after reaching a 
receiver field having different possible connections, 
according to an example embodiment of the present invention. 
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Fig. 6e illustrates the field of Fig. 6a having a selected 
bus, according to an example embodiment of the present 
invention. 



DETAILED DESCRIPTION 

Fig. 1 shows an example data processing system 1. The data 
processing system 1 may be a multidimensional field and may 
include cell elements 2 that are configurable in function 
and/or interconnection and a configuration maintenance memory 
2a assigned to them for local configuration maintenance. The 
configuration maintenance memory 2a may be designed to 
maintain at least some of the maintenance configurations in a 
nonvolatile form. 

Multidimensional field 1 in the present examples includes 
three rows and three columns of PAEs such as those discussed 
in the publications by Pact Technologies cited in the 
background. Referring to Fig. 2, these units may have ALUs 2b 
which may be configurable in a coarse granular form, which may 
be flanked on both sides with conventional f orward/ reverse 
registers 2e, 2f , and to which data may be sent via a 
multiplexer 2c from a bus system 2d. In addition, they may 
feed output data to a bus system in the next lower row via 
another multiplexer 2g. The functioning of multiplexers 2g, 2c 
as well as that of ALU 2b and registers 2e, 2f is conventional 
and is not explained in greater detail here. The configuration 
which these units have, e.g., the connection activated by the 
multiplexer in each case, and/or the particular function of 
the ALU 2b are stored in configuration memory 2h. A plurality 
of different configurations may be stored here for sequencing 
or wave reconfiguration and may be activatable by signals from 
the cells or external signals. It is not necessary to provide 
a fixed invariable memory for all configurations but instead a 
memory (comparatively smaller, if necessary) may also be 
provided in certain cases. This thus allows a cell mix and/or 
memory mix. 
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In previous architectures, the configurations memory was 
variable and was addressed by a central configuration unit, 
for example, but in the present case configuration memory 2h 
is in a nonvolatile form and its content is determined in the 
manufacture of the IC containing the elements. 

This may take place as follows: 

It is first determined which number of cells and, if 
necessary, which cells are necessary for the expected task to 
be processed using data processing system 1. The function is 
then simulated using these cells. This may be accomplished via 
emulators or a field of run-time reconf igurable elements 
having a central configuration unit may be used for function 
development and/or function testing. As soon as function 
development is concluded and the necessary configurations have 
been determined, a chip is designed, whose structure is 
approximately equal to that of a plurality of other similar 
chips and differing from them only with regard to the 
nonvolatile configuration memory content. It is then 
determined whether the nonvolatile configuration memory 
contents are defined using dedicated metal layers and/or by 
burning/melting certain f uses/antif uses provided for the 
configuration or by some other method. The memory contents are 
then provided during the manufacturing process and the chip is 
usable for its dedicated function without requiring multiple 
expensive masks. For example, regional adjustments are 
possible, e.g., to implement different modems, etc. 

An example embodiment of the present invention may relate to 
integrated electronic processing of information which is 
provided in the form of analog signals. It should be 
emphasized in particular that analog processing, for example, 
is able to access fixedly pre-stored configurations, as will 
be discussed; it is possible to select from different 
configurations for this purpose, and certain cell forms are 
likewise advantageous. There are currently several concepts 
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for integrated electronic processing of information provided 
in the form of analog signals: 

- Discrete analog non-programmable modules such as transistors 
and operational amplifiers; 

- Analog programmable integrated circuits known as FPAAs 
(field programmable analog arrays) , FPMAs (field programmable 
mixed-signal arrays) or FPADs (field programmable analog 
devices) . FPAAs., FPMAs and FPADs, like digital FPGAs (field 
programmable gate arrays) are composed of individual 
programmable cells. In the case of FPAAs, FPMAs and FPADs, the 
central component of such a cell is an analog operational 
amplifier to which a certain function from a set of possible 
functions may be assigned. Possible functions include, for 
example, adders, inverters, rectifiers and filters of the 
first order which may be used to process an analog signal . The 
cells are interconnected by a bus system and are controlled by 
logic elements; 

- Application-specific non-programmable integrated circuits, 
known as ASICs (application-specific integrated circuits) ; 

- Programmable fully digital processors called DSPs (digital 
signal processors) or CPUs (central processing units) which 
are used for digital processing for analog signals after prior 
analog-digital conversion. If an analog signal is to be 
available again after processing, the processing must be 
followed by a digital-analog conversion of the signal. 

Problems 

- Discrete analog modules: 

A circuit having discrete modules may be optimally designed 
for a certain task due to its primary flexibility. 

The tasks of the circuit, however, must be known precisely at 
the time of the circuit design because subsequent adaptation 
of the circuit to altered requirements is impossible or may be 
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accomplished only at considerable expense. This is true in 
particular of programmability and run- time reconfiguration. In 
addition, such a circuit rapidly becomes quite extensive in 
the case of more complex functions. 

- FPAAs, FPMAs, FPADs : 

The possibilities for processing analog signals provided by 
FPAAs, FPMAs and FPADs are based on the model of conventional 
analog signal processing systems. 

They are largely transparent for the signal to be processed, 
i.e., the signal to be processed is processed in real time up 
to a certain module -dependent frequency. 

There is no simple possibility for storing analog values; in 
particular, there is no possibility of storing the analog 
input and/or output value of each individual cell. Many 
important operations such as loop calculations and all 
processes in which multiple signals must be processed in 
succession with coordination in time only become possible 
through storage, however. A single FPAA, FPMA or FPAD cell may 
be configured as a sample-and-hold stage type memory, but it 
may then no longer be able to execute an additional function. 

FPAAs, FPMAs and FPADs are subject to functional restrictions 
because of their strictly analog signal processing. The 
capabilities of the digital logic implemented in FPAAs, FPMAs 
and FPADs are limited to the functions needed for 
reconfiguration of cells. The function of the cells which they 
performed during operation is not supported by the logic in 
the related art,, let alone expanded, e.g., by digital counting 
functions or basic logic functions, such as NAND and NOR. In 
particular there are no logic structures belonging to a single 
cell that are capable of performing such digital counting 
functions or basic logic functions. It should be pointed out 
in advance that the present invention remedies this situation. 
Therefore, logic functions such as input signal -dependent 
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decisions are possible only to a slight extent, if at all, or 
are extremely complex with FPAAs, FPMAs and FPADs. 

The same is also true of the data -dependent reconfiguration of 
FPAAs, FPMAs and FPADs , for example, (but not only) as an IF- 
THEN-ELSE instruction. This is made possible according to the 
present invention. If an FPAA, FPMA or FPAD cell is to be 
reconfigured on the basis of criteria pertaining to analog 
signals that are to be processed or have already been 
processed, then the analog signal in question must be sent out 
over a temporary or even permanent connection to an external 
structure not contained in the FPAA, FPMA or FPAD, which must 
decide about any reconfiguration and must trigger and perform 
said reconfiguration. There is no possibility for the cell to 
automatically decide about a reconfiguration of itself as a 
function of an analog or digital signal, e.g., with its own 
structures, to cause this reconfiguration to be performed, and 
to obtain the required data from an internal structure 
suitable for this purpose and contained on the module. 

If the result of the operation of a cell is to be supplied to 
its input, e.g., in loop operations, this may be accomplished 
in the case of FPAAs, FPMAs and FPADs only via the bus; no 
separate line for feedback of the operation's result to the 
input of the cell to relieve the bus is provided in FPAAs, 
FPMAs or FPADs . 

These disadvantages rule out the possibility of constructing 
an analog arithmetic unit using FPAAs, FPMAs and/or FPADs that 
will achieve the flexibility and scope of functions of today's 
digital arithmetic units. 

-ASICs: 

ASICs have a high primary flexibility because they were 
developed for a specific application. However, they are 
suitable only for the application for which they were 
developed. ASICs are reconf igurable only within the context 
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defined by the application. If the application is altered by 
one detail which was not taken into account in the development 
of the ASIC, in the extreme case a new ASIC must be developed. 

-DSPs and CPUs: 

Of all possibilities for signal processing, DSPs and CPUs 
permit the most flexible configuration and reconfiguration 
although it may not be performed either partially or during 
runt ime . 

To convert analog signals into a format suitable for DSPs or 
CPUs the analog signals must be digitally encoded. This 
requires an analog-digital conversion which may be quite 
complex and expensive when high demands are made of precision 
and may also limit the bandwidth. The situation is similar for 
ret rans format ion of digital processed data into analog 
signals. To achieve adequate speed, the internal bus systems 
in DSPs and CPUs must transmit the individual bits of a 
digitally encoded analog signal in parallel. The required 
width of the data bus system increases with the required 
precision of the digital encoding of the signal . In contrast 
with that, for an analog transmission, one line for each 
analog signal transmitted is sufficient. 

DSPs and CPUs also do not have a cellular structure but 
instead are constructed in the classical von Neumann 
architecture. Therefore, they have only a low modularity. 

The analog arithmetic units in existence today are far from 
achieving the scope of functions and configurability of 
digital arithmetic units in existence today. 

Conversely, analog circuits are increasingly being replaced by 
digital arithmetic units, e.g., in the case of DSPs, where the 
disadvantages mentioned in conjunction with DSPs must be taken 
into account . 
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The methods in existence today for processing analog signals 
have the goal of modifying this analog data. If the modules 
used for this purpose are configurable, then the manner in 
which the analog signals are to be modified is determined 
exclusively by digital logic, i.e., control is achieved 
exclusively through digital signals. There are no 
possibilities for controlling data processing directly through 
analog signals, nor are there any possibilities for processing 
analog signals using the scope of functions of a digital 
arithmetic unit. 

The present invention thus also includes programmable, at 
least partially analog arithmetic units (reconf igurable analog 
processor, RAP) having functions expanded by logic elements in 
such a manner that the scope of functions of a digital 
arithmetic unit is associated with the possibility of rapid 
analog computation of complex functions (such as the logarithm 
function) and the reconf igurability of a DFP, e.g., according 
to Unexamined German Application No. 44 16 881 Al . 

An RAP is composed of cells that are freely configurable in 
their function and interconnection and are run- time 
reconf igurable. When a single cell is reconfigured during 
runtime, the functioning of other cells is not impaired. A 
cell is divided into an analog section and a logic section. 
The analog section is for processing analog data on the basis 
of operational amplifier circuits such as those known from 
FPAAs, FPMAs and FPADs . The logic section controls the 
functions of the analog section during runtime, in the initial 
configuration and in reconfiguration during runtime. 

The analog section, however, may also be controlled and 
configured on an analog basis. As with FPAAs, FPMAs and FPADs, 
data processing is primarily analog but the scope of functions 
is expanded by special structures, each with a logic section 
and various memories in each cell to the extent that input- 
data- dependent logic operations, comparisons, loop operations 
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and counting may be performed rapidly and easily in each cell, 
resulting in a scope of functions similar to that of a fully 
digital arithmetic unit. 

For each RAP cell, in order to simplify its reconfiguration, 
there is the possibility of deciding independently, e.g., 
using its own internal structures, on reconfiguration of 
itself as a function of an analog or digital signal, causing 
this reconfiguration to be performed and receiving the 
required data from a suitable structure. 

Two independent, reconf igurable bus systems, one for analog 
signals and the other for digital signals, may be provided to 
connect the cells to each other and to the outside world. Each 
analog signal does not require for its transmission more than 
one analog bus line. In the case of a digital bus, the number 
of lines required increases greatly with the required 
precision of the digital coding of the analog signal in the 
case of parallel transmission. The required bus width of an 
analog bus is therefore reduced significantly in comparison 
with that of a digital bus with a comparable signal resolution 
and transmission rate. It should be pointed out that there may 
be mixtures of analog and digital circuits on an integrated 
circuit. Extensive separation and/or transition circuits, 
e.g., in the form of DACs and/or ACDs, may be provided between 
analog and digital elements. The digital elements may in turn 
be formed by PAEs, RAM-PAEs, etc., in particular having a 
suitable aspect ratio. 

In this partial aspect, the present invention otherwise 
describes, among other things, an analog reconf igurable 
arithmetic unit (reconf igurable analog processor, RAP) 
composed of individual functional cells connected to one 
another and to the outside world by a suitable bus system. The 
function of the cells is configurable and may be 
reconf igurable during operation in such a way as to not impair 
the function of other cells that are not to be reconfigured. A 
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functional cell contains an analog section and a logic 
section. The analog section is used for processing analog data 
on the basis of operational amplifier circuits. The logic 
section controls the functions of the analog section during 
runtime, in the initial configuration and in reconfiguration 
during runtime. In addition, the logic section expands the 
purely analog function of the analog section by providing 
logic functions and/or digital counting functions and/or 
arithmetic and/or memory elements, for example. Each cell may 
be assigned one or more analog memories capable of storing 
analog variables such as input or output signals and making 
them available for further processing. In addition, each cell 
includes one or more digital registers for storing digital 
data needed for configuration and operation of the cell. 

For each cell there is the possibility of independently 
deciding, e.g., using its own internal structures, about 
reconfiguration of itself, of cells combined into groups, if 
necessar y / or other cells as a function of an analog or 
digital signal, causing this reconfiguration to be performed, 
and receiving the data required to do so from a suitable 
structure which may be located on the module. There is also 
the possibility of feeding back the analog result of the 
operation of a cell to the analog data input of the cell 
without access to a bus system. 

Terms whose meaning may differ from the conventional meaning 
in some points are used in this section. For a better 
understanding, the definition of terms as used in this section 
follows . 

A signal is defined here as a variable, e.g., a voltage 
U__0(t), which prevails at a certain point in a circuit at a 
certain point in time. Such a point in the circuit may be, for 
example, an output, an input or a bus line. Voltage U_0(t) may 
be ground (GND) or a second voltage U_l(t). The signal may be 
constant or variable over time. 
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Information (or bits of information) is defined here as a 
number of possible dif f erentiable states that a signal may- 
assume . 

A digital signal is understood here to refer to a signal when 
it may assume only two states, e.g., 0 or 1, i.e., it contains 
only two bits of information in the sense of the definition of 
information used here. 

An analog signal is defined here as a signal which may assume 
at least three and at most an infinite number of states, i.e., 
it includes more than two bits of information in the sense of 
the definition of information used here. This means in 
particular that more bits of information are transmittable 
simultaneously by analog signals over a line than digital 
signals. 

The structure of a functional cell according to the present 
invention and the structure of the particular bus system 
connecting the cells are described below. 

The cell 

A cell is the smallest complete, independent functional unit 
of an RAP. Two different types of cells are possible - a 
simple cell and an extended cell. Both types of cells are used 
on an RAP. They differ in the scope of functions. Both types 
of cells have in common the fact that their structure is 
divided into an analog section and a logic section. 

Some or all cells may include a clock multiplier for 
generating a higher local clock pulse limited to the cell, 
supporting, for example, the counting functions of the logic 
section of the cell. It is also conceivable for one or all 
cells to be able to include structures for generating a cell- 
internal or locally limited cell clock pulse whose frequency 
may be configured independently of the frequency of any bus 
clock pulse. The cell clock pulse may be activatable and 
deactivatable . 
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The simple cell (SCELL) : 
The elements of a simple cell (SCELL) are divided into two 
groups known as the analog section and the logic section. The 
analog section is used for analog data processing of the 
analog input signals of the cell, but may also generate analog 
signals such as (but not only) a square-wave signal or a 
triangular signal. The logic section makes available 
additional non-analog functions, in particular, for example, 
input -data -dependent logic operations, comparisons and 
counting operations, memories and/or arithmetic operations and 
also controls the activity of the entire SCELL. One element of 
the logic section is the control logic (CL) , which controls 
the functions of the analog section and manages signals for 
reconfiguration of the cell, these signals being sent or 
received via the bus systems. 

The analog input stage of the SCELL is a multiplexer (MUXO) 
according to the related art for analog signals. The analog 
signal to be processed is sent by an analog data bus system 
(ABUS) to the inputs of MUXO. Controlled by the CL, MUXO 
selects the analog signal to be processed by the SCELL and 
forwards it to the analog processing unit (APU) . The APU is a 
configurable unit according to the related art. It includes 
one or more operational amplifier circuits whose function may 
be selected from a set of possible functions. The function is 
selected by the CL via a digital signal . 

Functions of the APU may include (but are not limited to) , for 
example : 

-Addition of a programmable variable to the analog input 
signal of the APU; 

- Subtraction of a programmable variable from the analog input 
signal of the APU; 

- Multiplication of the analog input signal of the APU by a 
programmable variable; 
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- Division of the analog input signal of the APU by a 
programmable variable, and division of a programmable variable 
by the analog input signal of the APU; 

- Computing the logarithm of the analog input signal of the 
APU; 

- Computing the antilogarithm of the analog input signal of the 
APU; 

- Inverting the analog input signal of the APU; 

- No change in the analog input signal of the APU; 

-Filter functions, e.g., high-pass filters, low-pass filters, 
band-pass filters and notch filters; 

-Signal generation, e.g., square-wave signals, triangular 
signals and sinusoidal signals having programmable time 
constants ; 

- Raising to a power; and 

- Storage. 

The analog signal to be processed is altered according to the 
function programmed by the CL in the APU or it is not altered 
(in the function of a buffer) or the APU is used to generate a 
new analog signal. It is also conceivable in particular to 
generate a signal which represents a reconfiguration request 
and in which the required reconfiguration parameters are 
encoded in analog form. The analog output of the APU is 
connected to a memory stage (BIPS) . The BIPS may be in one or 
several states programmable by the CL, e.g., in one of the 
following states: 

BUFNONINV: The output signal of the BIPS has the value which 
was applied to its input when the BIPS received a BUFFER 
signal from the CL. The output value is kept constant as long 
as the BUFFER signal is being applied. 

BUFINV: The output signal of the BIPS has the inverted value 
applied at its input when the BIPS was receiving a buffer 
signal from the CL. The output value is kept constant as long 
as the BUFFER signal is being applied. 

NYOl 1003724V1 18 SUBSTITUTE SPECIFICATION 



INVERT: The input signal of the BIPS is inverted. 



PASS: The BIPS loops the input signal through unchanged. 

3 STATE : The output of the BIPS assumes a high resistance 
state . 

The output of the BIPS is connected to the input of an analog 
demultiplexer (DeMUX) whose outputs are connected to the bus 
lines of the ABUS. The CL controls to which input of the DeMUX 
the processed analog signal is sent . 

The LOGUNIT exists as an additional element of the logic 
section of an SCELL for expansion of the scope of functions of 
the SCELL. The LOGUNIT is capable of performing the following 
functions, for example: 

- digital counters which may be set, triggered, queried, reset 
and stopped by the CL and/or the APU. They may be designed as 
coarsely granular logic elements. Other coarsely granular 
logic elements and/or function elements such as arithmetic 
elements, in particular ALU- type elements and/or memory 
elements are also implementable . 

- basic logic functions such as NAND, NOR, AND, OR, XOR, 
INVERT, BUFFER which are capable of logically linking 
information from the CL and/or APU. These are thus finely 
granular logic elements. Such information may be independent 
of the status of the CL and/or APU and/or signals to be 
processed. In particular such information may be criteria that 
also result in formation of a RECONREQ signal (reconfiguration 
request) . 

The extended cell (ECELL) : 
In an example embodiment, the extended cell (ECELL) contains a 
complete, fully functional SCELL which has been expanded to 
include additional elements and functions to be able to 
perform in particular (but not only) loop operations without 
access to the bus system. 
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The analog input stage (MUXO) has been expanded by a second 
equivalent analog multiplexer (MUX1) accessing the ABUS . With 
MUXO and MUX1 it is possible to enable two input signals for 
subsequent processing in the cell instead of only one input 
signal (as is the case with an SCELL) . In addition to the bus 
terminals, MUXO and MUX1 each additionally have one input 
which is connected to ground and one input to which the result 
signal is fed back from the output of the BIPS of the ECELL. 
The output of MUXO carries the analog signal, which has been 
selected by MUXO for processing and may also explicitly be the 
constant ground level or the result signal from the output of 
the BIPS of the ECELL . The output of MUX1 carries the analog 
signal which has been selected by MUX1 for processing and may 
also be the constant ground level or the result signal from 
the output of the BIPS of the ECELL. 

The output signals of MUXO and MUX1 are sent to the following 
programmable memory stages (BUFFO, BUFFI) . BUFFO receives the 
output signal from MUXO and BUFFI receives the output signal 
from MUX1. BUFFO and BUFFI are units configurable by the CL; 
their function may be selected from a set of possible 
functions. Possible functions of BUFFO and BUFFI include, for 
example : 

BUFNONINV: The value of the output signal of BUFFO and/or 
BUFFI is the same as the analog input signal applied when 
BUFFO and/or BUFFI was receiving a buffer signal from the CL. 
The output value is kept constant as long as the BUFFER signal 
is being applied. 

BUFINV: The value of the output signal of BUFFO and/or BUFFI 
is the same as the analog input signal applied when BUFFO 
and/or BUFFI was receiving a buffer signal from the CL. The 
output value is kept constant as long as the BUFFER signal is 
being applied . 
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INVERT: The instantaneous analog input signal of BUFFO and/or 
BUFFI is inverted. 

PASS: BUFFO and/or BUFFI loops the instantaneous input signal 
through unchanged. 

The output signal of BUFFO and the output signal of BUFFI are 
each sent to one analog input of the extended analog 
processing unit XAPU of ECELL . All functions of the APU of an 
SCELL are contained in the XAPU of an ECELL. 

In contrast with the APU of the SCELL, the XAPU has two analog 
inputs, so that operations having two analog signals that are 
either constant or variable over time are possible in the 
XAPU, in particular addition, subtraction, multiplication and 
division of two such signals. It is thus conceivable to 
program the XAPU via an analog control signal that is either 
constant or variable over time by assigning certain functions 
to certain values of the control signal. It is also 
conceivable to transmit to the APU, using an analog control 
signal, a parameter necessary for exercising a function. For 
example, if f (t) is an analog (voltage) signal, which is 
variable over time and is to be multiplied by a (voltage) 
signal g(t) that is variable over time, the XAPU may then be 
programmed as a multiplier like a voltage-controlled amplifier 

(VCA) according to the related art, where f (t) is applied to 
one analog input of the XAPU, while g(t) is applied to the 
other analog input of the XAPU and constitutes said control 

signal . 

The output signal of XAPU is sent to the input of BIPS. BIPS 
of the ECELL and BIPS of the SCELL may be identical. The 
output signal of BIPS is sent to the input of DeMUX. DeMUX of 
the ECELL and DeMUX of the SCELL may be identical. 
Furthermore, the output signal of BIPS is sent over a separate 
line to one input of MUXO and one input of MUX1 . 
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The logic section may contain an element for clock pulse 
multiplication, which multiplies the clock pulse of the DBUS 
and may be programmable. Thus the ECELL may operate internally 
with a multiple of the DBUS clock pulse. 

Reconfiguration of a cell (cellreconf ig) 
The RECONREQ signal : 

The analog section and the logic section of the cell are 
preferably structured and connected so that on occurrence of 
certain criteria the cell is able to generate a signal, the 
RECONREQ signal, using which may cause its own reconfiguration 
or the reconfiguration of one or more other cells to be 
performed. The RECONREQ signal may be digital and may be 
relayed via a separate digital bus system. However, it may 
also be an analog signal relayed via a separate analog bus 
system. Using an analog RECONREQ signal, it is also possible 
to simultaneously transmit additional information, e.g., the 
address of the cell(s) to be reconfigured, in addition to the 
RECONREQ information on only one bus line. 

Criteria triggering a RECONREQ signal may include (but are not 
restricted to), for example: 

- A certain signal level reached, exceeded or not reached by 
analog signals occurring in the cell (also including the 
analog input and output signals) . 

- A certain signal difference between analog signals (also 
including the analog input and output signals) occurring in 
the cell, this difference being reached, exceeded or not 
reached. 

- A certain signal difference which is reached, exceeded or not 
reached by analog signals occurring in the cell (also 
including the analog input and output signals) . 

-The elapse of a certain period of time. 

- The occurrence of a certain digital signal or a certain 
combination of digital signals in the cell or at the digital 
inputs and/or outputs of the cell. 
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The signals mentioned in the above list may also originate 
explicitly from other cells or other elements of the RAP. In 
addition, other criteria may also be formed by logically 
linking (AND, OR, NAND, NOR, XOR, etc.) these criteria. The 
logic section of the ECELL contains structures suitable for 
logically linking criteria, e.g., for comparison of results, 
flags of an ALU such as carry, etc., with an arithmetic unit. 

The criteria for forming a RECONREQ signal are analyzed in the 
CL of the cell. The CL of the cell generates from these 
criteria a digital word (RECONREQ word) having the required 
RECONREQ information. 

This RECONREQ word may be relayed in digital or analog form by 
the cell. Separate bus systems (RECONREQ bus), a digital bus 
and an analog bus are available for this purpose. 

If the RECONREQ word is to be relayed in analog form, then the 
digital RECONREQ word is converted to an analog form in a 
digital -analog converter (DAC) . Each cell may have such a DAC 
for this purpose. 

The data necessary for reconfiguration of the cell makes a 
suitable structure available. This structure may be, for 
example, a load logic and a switching table as described in 
German Patent Application No. DE 196 54 846.2. 

The load logic 

The load logic (LL) is a structure that performs the 
reconfiguration of particular cell(s) after a RECONREQ signal. 
Multiple cells are each connected to a single LL via the 
RECONREQ bus. These cells together with the particular LL form 
a cluster. Each cell of a cluster may deliver a RECONREQ 
signal to its LL and thus instruct each cell of the same 
cluster to perform a reconfiguration. There are also other 
possibilities for triggering a reconfiguration of other cells. 
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Reference is made to the aforementioned documents. One module 
may include multiple clusters. LLs of these clusters are 
interconnected by a bus system and may thus exchange 
information. Such information may include in particular the 
addresses of cells to be reconfigured. It is therefore 
possible for any cell of the RAP to request any cell of the 
RAP to perform a reconfiguration. 

The LL may be designed according to PACT_SWT (see patent 
applications cited) and may thus directly process digital 
RECONREQ words. However, the LL needs analog preceding stages, 
namely an analog selector stage (ASELSTAGE) and an analog- 
digital converter stage (ADC) for processing an analog 
RECONREQ word. The task of the ASELSTAGE is to determine 
whether a RECONREQ signal is applied, and if so, to which 
analog RECONREQ bus. If a RECONREQ signal is present on an 
analog RECONREQ bus, this bus is selected by the ASELSTAGE and 
switched for further processing to the ADC, which converts the 
analog RECONREQ word back into a digital RECONREQ word 
processable by the LL. 

The ASELSTAGE may be implemented in various ways . One 
possibility is to use a multiplexer and another is to use an 
arbiter. 

ASELSTAGE as multiplexer: The analog RECONREQ buses of the 
cells monitored by the LL are applied to the inputs of each 
switched-mode analog multiplexer according to the related art. 
With each clock pulse, the multiplexer is switched forth by 
one input so that a different bus is at the output of the 
multiplexer with each clock pulse. A comparator monitors the 
output of the multiplexer. If there is no analog RECONREQ 
signal at the output of the multiplexer, then the output of 
the multiplexer will have a certain level, e.g., 0 volt. If a 
RECONREQ signal is applied, a different level will be found at 
the output of the multiplexer, prompting the comparator to 
switch the RECONREQ signal to the following ADC. Alternatively 
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and/or additionally, multiple comparators may be provided, 
which compare the signal with different signal levels and thus 
directly trigger an analysis. This is recommended in 
particular when only a few signal stages are to be 
differentiated . 

ASELSTAGE as arbiter: The analog RECONREQ buses of the cells 
of a cluster go first to the input of an analog multiplexer 
(AMUX) . If a RECONREQ signal is applied to one of the analog 
RECONREQ buses, this bus is selected by the AMUX and the 
applied RECONREQ word is switched to the output of the AMUX. 

Bus systems 

A RAP preferably includes at least two independent flexible 
bus systems for interconnection of the individual cells and 
for connecting the RAP to the outside world. The preferred bus 
systems may be configured and reconfigured during runtime 
without having to interrupt the activity of the RAP. The bus 
systems may be equipped with properties such as those 
described in DE 197 04 742.4. A difference is made here 
between the analog bus system and the digital bus system. 

The analog bus system (ABUS) 

The analog bus system (ABUS) is used for transmitting the data 
and analog signals that are to be processed, have already been 
processed or are newly generated from the outside to the cells 
and/or between the cells. In particular, it is possible using 
the ABUS to cascade cells to process an analog signal in this 
way in multiple successive operations, one operation being 
performed by one cell. 

The ABUS is able to transmit multiple bits of information, in 
particular more than two bits of information simultaneously 
with each of its lines, e.g., 256 bits of information. The 
ABUS may be cycled at a fixed or variable frequency or it may 
be asynchronous, i.e., not cycled. The ABUS may be implemented 
in a manner as described in DE 197 04 742.4. 
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The digital bus system (DBUS) 

In addition to the ABUS, there is a second bus system called 
DBUS on the RAP. 

The DBUS is clocked and is used for distribution of digital 
data, e.g., configuration data and status data among the 
cells. The logic section of each cell is connected to the 
DBUS. The DBUS may be implemented in the manner described in 
DE 197 04 742.4. 

This aspect of the present invention is explained below with 
reference to Figs. 3a- 3d as an example. 

Fig. 3a shows an example design of a simple cell (SCELL) . It 
includes the digital section (0101) and the analog section 
(0102) . The central element of the logic section is control 
logic CL (0110), which is able to communicate with other 
cells, additional structures, e.g., a load logic and/or a 
switching table, such as those described in DE 196 54 846.2, 
and/or with the outside world via the DBUS (0130) . 

Multiplexer MUX0 (0121) is connected to the ABUS (0131) . If an 
analog signal is to be processed by the SCELL, MUX0 (0121) 
selects (via the lines (0141) controlled by control logic CL 
(0110) or by another suitable structure) the line of the ABUS 
(0131) to which the analog signal to be processed is being 
applied. The output of MUX0 (0121) is connected by line 0146 
to analog processing unit APU (0120) in which the signal 
selected by MUX0 is processed, if a signal has been selected, 
or the APU generates a signal, which may be a RECONREQ signal, 
or the APU remains in the predefined resting state. The action 
of the APU is controlled by the CL (0110) over lines (0143) . 
These lines (0143) may be designed to be bidirectional, so the 
APU is capable of sending signals to the CL (0110) as a 
function of certain events and criteria. The criteria may be, 
for example, criteria that also result in a RECONREQ signal 
being generated. A signal generated may be in particular a 
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RECONREQ signal, as described in the cellreconfig section. The 
signal processed or generated by the APU goes over line (0150) 
to a memory stage BIPS (0124) whose function is controlled by 
the CL (0110) . The BUFNONINV, BUFINV, INVERT, PASS, 3 STATE 
functions described in the SCELL section are available here. 
At the output of the BIPS, the analog signal is received by a 
demultiplexer DeMUX (0125) , which switches it to ABUS (0131) , 
controlled by the CL over line (0145) or another suitable 
structure . 

The logic section (0101) of the SCELL is composed of the CL 
(0110) and the LOGUNIT (0111) , which are connected over line 
(0140) . 

Fig. 3b shows an example design of an extended cell (ECELL) 
which is functionally divided into an analog section (02 02) 
and a logic section (0201) . Analog multiplexers MUX0 (0221) 
and MUX1 (0222) select the two analog signals which are to be 
processed by the ECELL, this selection being controlled by the 
CL (0210) of the ECELL. MUX0 selects the first analog signal, 
while MUX1 selects the second analog signal. There are three 
possibilities for the origin of the two analog signals to be 
processed. 

Either the first and/or the second analog signal come(s) from 
the ABUS or the first and/or second analog signal is/are 
identical to fixed ground reference voltage GND, or the first 
and/or second analog signal is/are identical to the output 
signal of the BIPS (0225) which is fed back to one input each 
of MUX0 and MUX1 via line (0252). The first analog signal goes 
from MUX0 to BUFFO (0223) over line (0246) . The second analog 
signal goes from MUX0 to BUFFI (0224) over line (0247) . The 
two analog signals may be modified in BUFFO and/or BUFFI 
according to the modes of BUFFO and BUFFI, as described in the 
section about the ECELL. BUFFO and BUFFI may be controlled by 
the CL (0210) over line (0242) independently of one another. 
The analog output signal of BUFFO (022 3) goes over line (024 8) 
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to the first analog input of XAPU (022 0) . The analog output 
signal of BUFFI (0224) goes over line (024 9) to the second 
analog input of XAPU (0220) . XAPU (0220) processes the two 
analog input signals to form an analog output signal according 
to the function programmed by the CL (0210) over line (0243), 
as described in the ECELL section. The analog output signal of 
the XAPU (022 0) is transmitted to another memory stage (BIPS, 
0225) via line (0250) . The BIPS of the ECELL and the BIPS of 
the SCELL may be identical. The function of the BIPS (0225) is 
controlled by the CL (0210) via line (0244) . The analog output 
signal of the BIPS is transmitted via line (0251) to the 
demultiplexer (DeMUX, (0226)), which switches the signal to 
the ABUS (0231) . DeMUX is controlled by the CL (0210) . 

The logic section (0201) of the ECELL includes a complete 
logic section, such as that found in an SCELL, i.e., the CL 
(0210) , and the LOGUNIT (0211) , which are interconnected over 
the line (0240) . The logic section of the ECELL is also 
capable of controlling and managing the XAPU (0220) which has 
an expanded scope of function in comparison with the APU of an 
SCELL . 

For example, logic operations such as NAND, NOR, AND, OR, XOR 
may be performed. Input variables of such operations may be 
such criteria which also result in formation of a RECONREQ 
signal but may also be digital signals generated specifically 
for this purpose. 

Fig. 3c shows one possible type of implementation of BUFFO 
and/or BUFFI. OP0 is an operational amplifier, which is wired 
so that it optionally inverts the analog signal applied to the 
IN input or loops it through. The operating mode is selected 
by DeMUXO. When a logic 0 is applied at control input 
NONINV/INV, the input signal is looped through; when a logic 1 
is applied at control input NONINV/INV, the input signal is 
inverted. A decision is made via DeMUXl about whether the 
signal is to be stored temporarily in capacitor C (BUFFER) or 
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whether it is to be available at output OUT of 0P1 without 
buffer storage (PASS) . The signal is stored in the buffer when 
control input BUFF PASS receives a logic 0 . 

There is no buffer storage when control input BUFF PASS 
receives a logic 1 . 

Fig. 3d shows how expression f (t)^g(t) for example may be 
calculated. 

To do so, in the first cell, f(t) is logarithmized, i.e., the 
logarithm of f (t) on any fixed base a is formed. An SCELL 
configured as a logarithmizer may be used for this purpose. 
The result of this operation is multiplied by g(t) in the 
second cell. An ECELL which multiplies the two signals in the 
manner of a voltage-controlled amplifier may be used for this 
purpose . 

In the third cell, base a is raised to the power equal to the 
result of the multiplication operation. An SCELL configured as 
a delogarithmizer may be used for this purpose. The result of 
the delogarithmizing operation corresponds to expression 
( [f (t) ] * [g(t) ] ) . 

How a unit having configurable analog units may be designed 
has been described above. It has been proposed that analog 
signals for working with cells are to be designed so that they 
are reconf igurable during operation of other cells and it has 
been proposed that they be assigned a suitable interconnection 
for this purpose. It is now to be assumed that there is the 
possibility of forming a module in which signal processing may 
be performed by both analog and digital methods. It will then 
be possible to provide digital signal processing using 
reconf igurable components, e.g., via a multidimensional field 
of reconf igurable digital units, as described in the various 
patent applications of or assigned to PACT Technologies. To 
provide the required conversion, individual or multiple 
converter steps may be provided, i.e., one or more analog- 
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digital converters and, if necessary, multiple digital -analog 
converters. Moreover, it is possible to use various converter 
methods and to configure the accuracy of the conversion 
differently when multiple converter units are provided. It is 
likewise possible for more complex logic and function circuits 
to be provided in addition to simple logic circuits assigned 
to an analog element . 

It is to be assumed that the plurality of analog elements, 
buses, etc., as well as any converter units that may be 
necessary are readily adaptable to a particular purpose, e.g., 
to comply with high-frequency applications or in the case of 
low- frequency applications to provide an extremely low-noise 
environment and/or a very good signal-to-noise ratio. 

It should also be pointed out that the digital and analog 
elements are preferably mixed, in particular on one and the 
same IC. To do so, an adapter means may be provided in a mixed 
field with the aid of one or more ADCs and/or DACs and/or 
comparators because purely digital processing of weak incoming 
high-frequency antenna signals, e.g., in the field of 
software -defined radio, is still problematical, and 
nevertheless a great freedom of choice is desired with respect 
to analog signal processing. 

The present invention also relates to devices and methods for 
improving the transfer of data within multidimensional systems 
of transmitters and receivers and/or transmitter and receiver 
cells. It should be pointed out that these are particularly 
relevant in critical applications such as software-defined 
radio . 

The cells of multidimensional processor fields, for example, 
may now execute different functions, e.g., Boolean operations 
of input operands . 



Connections which are likewise adjustable run between the 
cells; these are typically buses capable of establishing an 
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interconnection in various ways and thus construct a 
multidimensional field whose interconnections are adjustable. 
Via the buses or other lines, the cells exchange information 
as necessary, such as status signals, triggers or data to be 
processed. Typically, the cells in a two-dimensional processor 
field are arranged in rows and columns, for example, with the 
outputs of cells of a first row being carried on buses to 
which the inputs of the cells of the next row are also to be 
connected. In the case of a known system (Pact XPP) , forward 
and backward registers are also provided for sending data to 
bus systems of other rows, bypassing some cells, to achieve 
balancing of branches to be executed simultaneously, etc. 
There have also already been proposals for providing such 
forward and/or backward registers with a functionality that 
goes beyond that of pure data transfer. 

To perform a certain type of data processing, a certain 
function must be assigned to each cell and a suitable 
interconnection must be provided. To do so, before the 
multidimensional processor field processes data as desired, it 
is necessary to determine which cell is to execute which 
function; a function must be defined for each cell 
participating in a data processing task and the 
interconnection must be determined. It is desirable to select 
the function and interconnection in such a way that the data 
processing may proceed as promptly as possible. Frequently, 
however, it is impossible to find a configuration which 
ensures that the desired data transfer is optimized. 
Suboptimal configurations must then be used. 

It is desirable here to create a possibility for facilitating 
configurability. 

It is also provided that in the case of a multidimensional 
processor field having a plurality of adjacent data processing 
cells, the cells have inputs which receive data from 
interconnection paths, an operand gating unit which gates them 
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according to the particular function of their operand gating 
unit, and outputs for outputting the gated data on 
interconnection pathways. The data processing cells may have 
an aspect ratio of at least 1.5:1, e.g., 2:1. This permits the 
preferred pipelining in the PAEs and/or the buses. It is 
preferable but not obligatory to provide separate pipelining 
in each PAE in particular, which thus permits an increase in 
clock pulse. 

A significant improvement in connectivity is achieved without 
having to provide expensive silicon area for additional bus 
connections or having to select a particularly complex 
topology. The improvements in connectivity are derived instead 
merely from the fact that data transfer across the cells is 
shortened, and thus data goes from one cell to the next within 
a shorter period of time, compared to the time required for 
flow-through and/or processing in the cell itself. This 
increases the number of cells to be still referred to as 
nearest neighbors, i.e., cells that are reachable within one 
clock pulse. In two-dimensional fields, for example, this 
yields a system in which one cell has functionally more 
nearest neighbors than would be the result topologically in a 
purely geometric analysis in the two-dimensional case. In 
other words, only through the change in aspect ratio is a 
greater than two-dimensional connectivity obtained 
functionally. 

The cells are in particular PAE cells having EALUs, such as 
those discussed in the patent applications cited previously. 
Such cells are preferably cells that are configurable in a 
coarse granular fashion. 

It is possible and preferable if the data processing cells are 
arranged in rows and columns. This allows a particularly 
advantageous design of the cells, which are typically 
approximately trapezoidal or rectangular. Data inputs may then 
be provided for at least some of the data processing cells to 
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obtain data from an upper row and data outputs are provided to 
output data to a lower row. In such a case, this yields 
improved connectivity in both rows. 

A processor field may include data processing units that are 
EALUs, ALUs and/or register- flanked cells, e.g., where 
registers are provided for the connection of different rows, 
in addition to the data processing cells which also route data 
without any time lag, e.g., approximately at maximum rate. 
These registers delay data in routing, whether to prevent 
and/or interrupt uncontrolled feedback loops (principle of the 
so-called annihilated feedback loop termination cells or AFTER 
cells) or to force synchronization (balancing) in a data 
splitting run of branches and subsequent recombination. 

Using such a processor field, it is now possible to select a 
configuration such that when cells are selected for the 
configuration and their function and interconnection are 
determined, an interconnection being determined such that data 
is transmittable from one cell to the next at least largely 
without delay, such cells which are not directly adjacent to 
one another but instead are separated transversally by a 
distance that is smaller than the length of the cell are also 
taken into account as neighboring cells between which data is 
transmissible within one clock pulse or a low number of clock 
pulses. The fact that a downclocking of cells is possible in 
comparison with the buses per se is disclosed as being 
preferable. Evidently, however, in exceptional cases, there 
may also be a clock difference in the other direction or no 
difference at all. 

It should be pointed out that the stated minimum aspect ratio 
which amounts to at least 1.5:1 may assume even larger values 
and, with a careful design of units, may easily be in the 
range between 5:1 and 10:1. 



NY01 10037*24vl 



33 



SUBSTITUTE SPECIFICATION 



The present invention is described in greater detail below 
with reference to Fig. 4. 

In an example embodiment, as illustrated in Fig. 4, a 
processor field 1 (labeled in general as 1) includes a number 
of adjacent data processing cell elements 2 having inputs 3 
which receive data from interconnection paths 4, an operand 
gating unit 5 which gates them according to the particular 
function of their operand gating unit 5 and outputs 6 for 
outputting the gated data on interconnection paths 4, the data 
processing cells and/or their operand gating unit 5 through 
which data flows having an aspect ratio of length to width 
greater than 2:1. 

Processor field 1 is preferably a configuration referred to as 
an Extreme Processing Platform (XPP) . Alternatively, it may 
be arranged as an array of elements partially reconf igurable 
in runtime, e.g., processor, coprocessor, DSP, etc. The 
processor field in the example depicted here is composed of 
three rows and four columns but is selected to be 
comparatively small only for clarity. Typically it may be much 
larger. 

Data processing cells 2 are configurable in a coarse granular 
configuration and have fine granular state machines. They are 
reconf igurable in without interfering with the operation. 
Reference is made here to the possibility of central 
configuration preselection, e.g., by a configuration manager, 
referred to as wave reconfiguration, etc., this possibility 
being implemented here but not to be explained in greater 
detail. The cells contain an ALU unit as operand gating unit 5 
in which arithmetic operations such as addition, 
multiplication, subtraction and division may be performed on 
up to three incoming operands as well as logic operations such 
as isgreater?, issmaller?, iszero? and XOR, OR, AND, NAND, 
etc. The ALU unit is centrally located and flanked by a 
forward register and a backward register, which may also be 
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connected to interconnection paths 4 in a known manner via the 
terminals of data processing cell 2. 

Data inputs and outputs 3 and 6 are connected to 
interconnection paths 4 via multiplexers. In the present case, 
a bus system having a plurality of lines is provided to 
configurably interconnect the cells in the rows and columns. 

The aspect ratio of the ALU unit in the example depicted here 
is 6:1, i.e., the cell is much longer than it is wide. 

The system is used, e.g., as follows: 

First a program for execution on field 1 is selected. A 
configuration allowing optimum data throughput is then 
determined in a conventional manner. In doing so, this takes 
into account the fact that data may also be received within a 
processing clock pulse at cells that are not directly in the 
row beneath or laterally beside a given cell but instead are, 
for example, offset by three columns laterally, and this may 
be accomplished without resulting in any major delay. The 
configuration obtained by taking into account this expanded 
nearest neighbor definition is configured onto the field and 
executed there . 

However, the present invention relates not only to the 
advantageous design of a multidimensional field of 
reconf igurable elements such as in the case of reconf igurable 
processors but instead it also relates to methods of operating 
same, e.g., so as to permit translation of a conventional 
high-level language (PROGRAM) such as Pascal, C, C++, Java, 
etc., to a reconf igurable architecture. 

Frequently, the entire multidimensional field of 
reconf igurable elements together with all bus systems, 
connecting lines, etc., provided between the data handling 
elements is not enabled here for reconfiguration but instead 
there is a need for assigning a new task to a small partial 
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area of the multidimensional field. Moreover, it is often 
impossible to predict how this partial area will be designed. 
This is in particular the case when multiple tasks must be 
processed simultaneously on the multidimensional field of 
reconf igurable elements, e.g., by way of multitasking and/or 
it is impossible to predict when, e.g., in real-time 
applications, and which resources may be enabled for the 
purpose of reconfiguration. 

In principle there is the possibility of real-time translation 
of a code which is to be processed in a multidimensional field 
of reconf igurable elements, i.e., not until processing of 
other tasks has already begun in order to ascertain how the 
code which is the next to be executed is to be assigned to 
certain reconf igurable elements, how the connection between 
these is to run, which buffer operations are necessary, etc. 
It is apparent that such a translation procedure requires a 
comparatively high amount of instantaneous data processing 
resources. Particularly in critical computer applications that 
demand maximum computation power, it is desirable not to 
consume any additional computational power for such a 
translation during runtime. It is therefore already customary 
to compile program code even before starting the program and 
then to determine subconf igurations , each being configured 
into the field as soon as the particular resources there are 
free. 

However, one problem is that particularly in real-time 
applications, it is not certain in advance how the particular 
available resources are arranged. This relates to the 
functionality of the elements available for data handling into 
which the configuration may be entered, unless all data 
handling elements have the same function. It would thus be 
conceivable to equip various cells in a multidimensional field 
of reconf igurable elements with arithmetic units designed for 
floating-point calculations, to provide elements that handle 
only Boolean data, elements having associated memories, 
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elements having sequencers or in which sequencers may be 
provided, etc. An embodiment having precompilation here must 
be instructed, e.g., to wait with the reconfiguration until 
precisely the cells having the functions and arrangements 
defined in the precompiling are available. In addition, the 
smallest function scope shared by all cells must be used in 
precompiling. Both waste resources. Furthermore, it is not 
usually clear how the elements enabled for the reconfiguration 
are arranged and which connections are available. This may 
also massively impede configuration of a new task into those 
elements . 

The problem becomes even more serious when large areas of the 
multidimensional field are enabled and in principle there is 
the possibility and/or compulsion to simultaneously configure 
multiple configurations for different tasks into the field. 

Thus according to one example embodiment of the present 
invention, a method for operating a multidimensional field of 
reconf igurable elements is proposed in which groups of 
elements handling data together are configured in a 
predetermined manner during runtime for processing 
predetermined tasks in the field, and where a plurality of 
such element group arrangements suitable for processing the 
predetermined task is determined in the multidimensional field 
for at least one task that is to be processed; for processing 
of the predetermined task, an element group arrangement which 
is then particularly suitable is selected from the plurality 
and the selected arrangement is configured into the field. 

The present invention thus proposes that in preparation for 
the actual data processing, a plurality of arrangements, e.g., 
configurations, are to be determined in advance, and then one 
of the predetermined element group arrangements that is 
particularly suitable for processing the preselected task 
given the field resources then available is to be selected. 
This yields a significant improvement in operation of a 
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multidimensional field of reconf igurable elements essentially 
through a simple expansion of the compiler using which the 
previously programmed code is translated, namely by the fact 
that it not only determines a single configuration for a given 
task but also utilizes multiple such configurations and thus 
utilizes the fact that there is no unique solution to the 
problem of translating a section of a given high language code 
to a multidimensional field of reconf igurable elements. It 
should be pointed out that the term "compiler 11 is used here to 
refer to that which determines the configuration, regardless 
of whether it is a router part, a translator part or some 
other part of a means for configuration determination on the 
basis of program codes. This means may be implemented by hard 
wiring, i.e., as hardware, or as a software program. 

It is possible to make a selection from this plurality of 
potentially possible configurations that are possible for 
processing a given code segment and to do so on the basis of 
the geometry of this element group arrangement in comparison 
with that of the elements that are available or presumably 
will soon be available for reconfiguration in the 
multidimensional field. Thus, by a simple comparison of 
samples, it is possible to attempt to select a configuration, 
i.e., an arrangement of element groups, which covers, if 
possible, all of the elements that have been or will be 
released and/or leaves unused the fewest possible elements of 
the multidimensional field. If only the geometry is taken into 
account, e.g., because all the data handling elements of the 
multidimensional field have the function scope required for 
entering a configuration into them, then the selection may be 
made with algorithms that are known per se as in pattern 
optimization. Reference may either be made to the elements 
already available or, in particular with respect to the fact 
that the reconfiguration often includes the transfer of 
configuration data to the elements, and such a transfer of 
reconfiguration data takes time, it is possible to provide for 
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the fact that elements which will presumably soon be available 
are also taken into account in the selection of the particular 
optimum geometry. It is possible to utilize here the fact that 
it is often possible to predict that certain elements will 
soon be available for reconfiguration, e.g., when they have 
received data for further processing from cells that have 
already indicated their reconf igurability and the number of 
processing cycles still necessary of data-downstream cells is 
finite and estimable or known. Such information may be managed 
according to the present invention as a reconf igurability 
prediction. It should also be pointed out that bus 
connections, lines, etc., are also included with the available 
and/or required elements. 

The choice of optimum configuration may be made in a 
preprocessor or in a partial area of the multidimensional 
field of the reconfigurable elements and in particular may be: 
taken over by a data processing program and/or means that 
coordinates the performance of the various tasks in time, 
perform prioritizations, etc. This may be in particular a part 
of an operating system if the multidimensional field of 
reconfigurable elements is designed as a processor or 
coprocessor. The usability of the CT, a scheduler for 
hyperthreading, multitasking, multithreading, etc., should 
also be pointed out here. Reference is made to other 
corresponding parts of the present patent application in this 
regard. It should also be pointed out that such units are 
implementable in hardware and/or software. 

in particular when configuration data is input from a memory 
having access times that are not negligible and/or when it is 
to be generated using generation times that are not 
negligible, should a real-time determination of a 
configuration be desired, then it is desirable to first 
provide a characteristic data record which is reduced in size 
in comparison with the actual configuration data record and 
then to make a selection only on the basis of this 
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characteristic data record. For example, in loading a new 
configuration from a slow memory such as a hard drive, at 
first only a characteristic data record and/or a 
characteristic data record group pertaining to the outlines of 
the configuration may be downloaded. Such an outline 
characteristic data record is typically greatly reduced in 
size in comparison with the complete configuration data 
record, so it is also possible to load a plurality of 
characteristic data records for a plurality of different 
configurations in advance into a main memory which allows very 
rapid access, to make a rapid selection on the basis of the 
different configuration data records and then to download from 
the slow memory the complete configuration data for the 
selected configuration. It should be pointed out that in such 
cases it is also possible to input a portion of the 
configurations in advance, e.g., when it is foreseeable that 
certain configurations are typically preferred, whether 
because statistical analyses of the typical data processing 
operation for a plurality of multidimensional fields of 
reconf igurable elements or for a single multidimensional field 
have shown this, e.g., because it has been found by analysis 
of typical tasks that certain reconfigurations occur with a 
particular frequency for a group of applications such as in 
UMTS base station applications, or because it has been found 
that for a single user the same applications must always be 
configured into the field simultaneously in a certain way. 
Advance loading of certain configurations may also be 
appropriate when these configurations are characterized by a 
particularly simple geometry, e.g., because very small volumes 
of the multidimensional field of reconf igurable elements are 
covered by it ("volumes" here refers to the volume of the 
multidimensional field, so in the case of two-dimensional 
fields of reconf igurable elements it denotes the area and/or 
area geometry of the reconf igurable elements, etc. available 
for reconfiguration) . 
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It is also possible and even preferable, in particular in 
processing complex tasks, whether by processing particularly 
computation- intense problems, in multitasking, multithreading 
or in other forms of parallel processing of data, to review 
whether multiple element group arrangements, in particular 
those having the same priority for different tasks, are 
simultaneously configurable into the field through a suitable 
choice. Depending on the prioritization of a certain task, it 
is possible to provide for the area or processing time made 
available for the processing of a preselected task to turn out 
larger or smaller, e.g., by designing sequencers having data 
handling elements, so that the size of a configuration, which 
slows down data processing, is reduced. 

It may also be desirable for a first element group arrangement 
to be first configured into the field and to begin to process 
the task using this element group arrangement until a 
preselected event occurs and then to continue with task 
processing in another element group arrangement with at least 
partial reconfiguration. It is possible to provide here, for 
example, that to achieve a preferred geometry of 
configurations in the multidimensional field, e.g., cells 
arranged in strips one behind the other for each task, the 
processing of all or a portion of all configurations to be 
interrupted at clock times to be defined, e.g., one every 
thousand, ten thousand or one hundred thousand clock cycles, 
and the results to be stored in the buffer as necessary, even 
with regard to data necessary only internally in a 
configuration such as loop states, counter states, etc., and 
then to perform a new configuration having corresponding 
preferred geometries to thus prevent a gradual disintegration 
of configurations, which is undesirable even because of the 
increased demand for bus lines. 

Alternatively and/or additionally, it is also possible to 
provide self-folding configurations, first beginning with 
processing of a configuration over the entire array of cells 
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in the field and then, as soon as additional resources are 
requested by another task, shrinking this first configuration 
more or less automatically, e.g., by forming a sequencer 
having an element to enable elements for the new task. This 
shrinking may be achieved by specifying new space -saving 
configurations for one and the same task, in particular also 
when these space -saving configurations are stored in 
configuration memories provided for data handling elements. 
Reference is made here to the patent application for wave 
reconfiguration only as an example. This then results in a 
situation in which the configurations gradually become tighter 
and tighter. 

The choice of a preselected element group arrangement which is 
to be configured into a field may also be made to depend on 
other parameters, apart from the available geometry. This 
includes, among other things, the processing rate achievable, 
the priority of a task and/or the energy consumption required 
for processing a preselected task in a preselected time. It 
should be pointed out that multiple parameters may be 
considered at the same time, either by discarding, using a 
second parameter, configurations regarded as equivalent by 
considering a first parameter such as the required field 
volume, or by optimizing multiple parameters as much as 
possible at the same time, e.g., by fuzzy logic methods. 

The present invention will now be explained in greater detail 
below with reference to Figs. 5a~5c. 

Fig. 5a illustrates the multidimensional field 1 of 
reconf igurable elements 2 and a preprocessor 7. The 
preprocessor 7 may feed configurations into the 
multidimensional field 1 via suitable data buses 8, may 
receive information via reconf igurable elements from the 
multidimensional field of multiple elements, and may have a 
memory 9 having slow access in which configurations for tasks 
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to be processed in the multidimensional field 1 are stored in 
advance . 

Multidimensional field 1 in the present example is an XPU 
architecture having PAEs as configurable elements and 
constructed according to PACT 02 , 04, 08, 10, 13. It receives 
data from input/output interfaces 10 in real time for 
processing, but it is impossible to predict how this data will 
arrive and/or how it is to be processed. A keyboard, imaging 
cameras, A/D converters, etc. may be provided for this 
purpose . 

To simplify the illustration, although this is by no means 
mandatory from a technological standpoint, multidimensional 
field 1 is made up of mainly only one row of exclusively 
identical data handling elements between which suitable 
interconnections via buses and the like are configurable. For 
reasons of simplicity, unlimited bus resources are assumed in 
the present case, although from a purely practical standpoint 
the typical application will also take into account such 
resources and a shortage thereof when determining multiple 
configuration possibilities in advance. The data handling 
elements are suitable in the present case for processing the 
commands sequentially, e.g., with a construction of sequencers 
over individual cells or groups thereof. The fact that time 
division multiplexing is possible here should also be 
mentioned. This allows a corresponding folding of multiple 
operations which may then also be unfolded in a large array or 
when there is more space. 

Multidimensional field 1 is run-time reconf igurable , i.e., it 
is possible to assign new tasks to individual elements or 
groups thereof during runtime without interrupting operation 
of the entire system or other elements and/or groups thereof 
as a whole. Configuration memories may be assigned locally to 
the data handling elements like registers, namely forward and 
backward registers, bus lines, finely granular state machines 
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for exchanging trigger signals with one another and with 
preprocessor unit 7, etc. Reference should be made to the 
possibility of embodying the reconf igurable elements according 
to PCT/DE97/02949, PCT/DE97/ 02998 , PCT/DE98/00334 , 
PCT/DE99/00504, PCT/DE99/ 00505 , PCT/DE00/01869 , etc., which 
are incorporated herein by reference. 

Preprocessor 7 is designed to load configurations into the 
multidimensional field via lines 8, as it receives from the 
multidimensional field the message that individual elements or 
groups thereof are reconf igurable . The preprocessor 7 contains 
a local memory (cache) and is connected to another memory 9 
(hard disk, RAM) to which slower access is possible on the 
configuration data which is stored. For example, a CT is 
suitable here. 

It should be pointed out that it is not necessary to provide 
preprocessor 7 as an external component. The diagram depicted 
here was used only for didactic reasons. The preprocessor may 
be integrated with multidimensional field 1 on a single chip 
and/or its function may be executed by individual data 
handling elements 2 of the processor field. 

Configuration data and configuration requests are transmitted 
over lines 8. Reference is made here to the implementation of 
Rdy/Ack protocols, advance configuration of elements in 
element-near memories, etc., which is possible but not 
obligatory. 

A plurality of configurations for different tasks and 
characteristic data is now stored for this purpose in memory 
9. This is illustrated for a simple example with reference to 
Fig. 5b. 

An example of storing configurations for two tasks a) and b) 
is illustrated in Fig. 5b. As may be seen, a total of four 
configurations have been saved for task a) , all configurations 
executing the same function but having different 
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interconnections of cells and differing in particular with 
regard to their external geometric shape in which the cells 
are arranged . 

As may be seen, three configurations, for example, have been 
saved in advance in which seven data handling elements such as 
PAEs are needed, and one configuration in which only four 
elements are needed, utilizing the sequencer property of the 
data handling elements. The geometric shape of the particular 
configuration is also saved, as indicated by the numbers in 
parentheses. This characteristic data record includes a first 
number which indicates how many columns of distance there are 
between the outermost cells on the right and left; it is 
followed after a comma by the number of elements needed in a 
column. If rows are free, i.e., not occupied in a column, 
there is also a b in the identifier. If a column has been left 
free here, i.e., is not occupied by the particular 
configuration except for buses, then a b will stand here in 
the configuration. This may be seen in configurations I and 
II. The data for a column is separated from the data in the 
next column by a comma. Similar configuration data is also 
stored for a second configuration b) . 

The system is used as follows: 

When resources are freed for reconfiguration in the 
multidimensional field of reconf igurable elements, as 
represented by the "0" in Fig. 5a, preprocessor 7 first loads 
the characteristic data records, which are initially not very 
extensive and thus may be loaded rapidly out of memory 9, for 
the configurations. It then determines which task is to be 
processed rapidly and which configurations may be loaded 
particularly well into the field jointly. This is done by 
comparing the maximum column widths of a possible 
configuration with the actually available column width. With 
regard to task a) , configurations III and IV which require too 
many columns may thus be discarded. Of the remaining 
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configurations, configurations I and II are also to be 
discarded because of the geometric shape. There is then a 
check to determine which configuration should be loaded from 
b) . All three configurations here are loadable per se . 

To be investigated now is whether there is a possibility of 
simultaneously loading two configurations of the remaining 
configurations into the field for the tasks. To do so, the 
configurations are compared in different ways and the required 
maximum number of columns and rows is compared with the 
available maximum number. It is determined in this way that 
optimum utilization of the elements that have been freed is 
obtained when configuration lb and configuration la are 
arranged directly above one another. These configurations are 
then loaded into the processor field. 

Data processing is then continued with a configuration system 
as shown in Fig. 5c. It should be pointed out that in cases in 
which different data handling elements are provided, the 
corresponding information may likewise be stored in the 
characteristic data record. 

As shown above, the manner in which a given processor field 
must be configured for a preselected method is not unique. 
This is true in particular when complex fields are involved, 
registers being provided in at least some of the lines, and 
additions and/or comparisons of data are to be performed using 
these fields in particular as may also be the case in logic 
cells of the field, which have arithmetic logic units (ALUs) . 
It is frequently also possible and/or necessary, e.g., in 
startup, to select multiple possible configurations from many 
configurations . 

There have already been proposals for selecting one 
configuration from several that are usable per se and doing so 
on the basis of the instantaneous configurability under 
geometric aspects, resource availability and/or to be selected 
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on the basis of speed aspects. This may facilitate the choice 
but it often constitutes only inadequate criteria. It is 
desirable to be able to further improve the configuration 
choice. It is also frequently possible to perform a certain 
data processing task in different ways. For example, a number 
of algorithms are known which make it possible to sort a set 
of data in different ways. Here again, it is necessary to 
choose between different algorithms, which are suitable in 
nrinciiDle for handlinq a certain data processing task, on the 
basis of object if iable criteria. It should be pointed out that 
this choice may be made in runtime and/or prior to that. On 
the whole, it is thus desirable to improve selection 
possibilities in data processing using configurable 
multidimensional processor fields, e.g., to ensure in the case 
of fixedly stored configurations that a choice that has 
already been optimized for the intended purpose has been made. 

The present invention thus proposes in a first basic idea a 
method for selecting one of a plurality of means of achieving 
a data processing result in data processing with at least 
possible use of multidimensional fields of configurable data 
handling elements, in which characterizing quantities based on 
consumption are assigned to the data handling elements as a 
function of the configuration and a path shall be selected on 
the basis of the assignment. 

Another basic idea may thus be regarded as being based on the 
recognition that typical performance and/or energy consumption 
values may be assigned to certain data processing paths to 
then perform a selection of paths by taking into account these 
values. A certain method for calculation of interim results 
and/or data handling, etc., is considered as achieving a data 
processing result. Thus, a significant obj ectif ication of the 
selection of paths is made possible by the assignment of 
qualities characterizing consumption. 
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The selection of a path may include, for example, the choice 
of a given algorithm from a plurality of different algorithms, 
whether for tasks such as sorting data, certain mathematical 
transformations or the like. If there are multiple sorting 
algorithms, algorithms for determining a Fourier transform or 
the like available in a program module library, then a 
variable characterizing consumption may be determined for 
each, for example, and then a selection may be made taking 
this variable into account. For example, it is possible to 
select algorithms having a particularly low energy 
consumption, for example. This may be appropriate for mobile 
applications such as laptops, cellular telephones and the 
like, but it also offers advantages in areas in which highly 
computation-intensive tasks are to be handled, e.g., servers, 
base stations, etc., where the power generated in a processing 
unit must be cooled and/or dissipated. Thus, overall system 
costs may be minimized through the present invention. 
Furthermore, in an example embodiment of the present 
invention, a place and route algorithm, for example, may 
utilize the optimization, e.g., to achieve low-energy systems. 

It is also possible to provide a plurality of different 
configurations for one and the same algorithm, e.g., taking 
into account different partial tasks to be configured 
simultaneously and/or sequentially on the multidimensional 
field and then to perform a selection from them by analyzing 
the particular variable assigned. 

It is also possible by using the method according to the 
present invention to discover whether a given task of data 
processing and/or a partial task is to be assigned to the 
multidimensional field of configurable data handling elements 
in question and/or another element for data processing outside 
of the multidimensional field. It is thus possible to decide, 
for example, whether a certain partial task is to be processed 
better on a purely sequentially operating CPU or in the 
reconf igurable multidimensional field, typically operating as 
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a data flow processor or the like. It is also possible to 
investigate the requirement or the suitability of dedicated 
circuits such as ASICs for certain tasks. 

The field of configurable data handling elements is typically 
a two-dimensional field. It should be pointed out that the 
present invention is applicable for fields such as FPGAs , XPP 
processors, etc. It is applicable for elements configurable in 
runtime, e.g., elements of partially reconf igurable processor 
fields, said elements not being reconf igurable during runtime 
without interference. 

in applications such as XPP fields, some or all the elements, 
e.g., buses, registers, ALUs , RAMs, I/O ports and configuring 
units (CTs) are included as data handling elements to be taken 
into account . It should be pointed out that of certain of 
these parts only one estimated or partial consumption 
consideration is necessary. For example in the case of buses, 
only certain driver stages and the like need be taken into 
account. In addition, it may also be necessary to detect clock 
circuits - either because a full or partial shutdown of a 
clock branch is possible in certain data processing paths or 
because certain circuit areas may or must be supplied with a 
different clock pulse. 

in one example embodiment, the characterizing value may be 
estimated only roughly, e.g., to the extent that there is a 
determination as to whether a certain element is being used at 
the moment and/or configured or whether instead it is not 
being used and, if necessary, is at least mostly disconnected 
from a voltage supply up to and including a wake-up circuit 
and/or from a clock pulse supply. It is thus not necessary to 
perform an absolutely accurate consumption characterization, 
e.g., with a determination of the consumption of the specific 
algebraic operation which is assigned to a particular 
arithmetic logic unit moment aneously and/or permanently. 
Instead it may be sufficient to determine the consumption 
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characterizing variable only to determine whether and to what 
extent the particular element is actually being used at the 
moment. Exceptions to this are possible. An exception may be 
made in particular for operations such as multiplication in 
which very large circuit areas must be supplied with power. 
Additional detailing may be provided in such a case. 

It is possible to assign different characteristic values such 
as current and/or power consumption-based variables as 
variables characterizing consumption to each different data 
handling element. If necessary, this may be done as a function 
of the clock cycle (power consumption per clock frequency) . In 
addition, it is possible to make a selection by taking into 
account a cumulative value, e.g., to decide on the basis of 
considering the total consumption or the estimated total 
consumption of a path being considered. 

The choice is typically made not merely taking into account 
the variables characterizing consumption but may also include 
other parameters, e.g., a required execution time, required 
resources in a multidimensional field, existing or anticipated 
processor utilization by other tasks and/or a currently 
desired and/or anticipated or allowed power consumption. The 
characteristic values are obtainable via measured values 
and/or hardware analyses and/or synthesis analyses and may be 
stored in look-up tables in particular. 

The choice of the particular path may be made before the 
actual data processing, e.g., at the time of determining 
configurations to be loaded later among several, theoretically 
implementable configurations. In such a case, it is preferable 
in particular if the characterizing variable is also 
determined during simulation of the data processing functions. 
Alternatively, the choice of different possible paths may be 
made during runtime. In such a case, several possible 
algorithms, e.g., for sorting data, will be made available, 
and then there will be a query of how many individual bits of 

NYOl X003724V1 50 SUBSTITUTE SPECIFICATION 



data are to be sorted and, if necessary, what the degree of 
ordering of this data is, and only then will a choice be made 
among various predetermined algorithms on the basis of the 
parameterized consumption characterizing variables such as the 
total power consumption, etc., assigned to them. Likewise, a 
configuration may also be implemented in runtime as a function 
of a desired or momentarily possible power consumption, for 
example . 

This aspect of the present invention is described below only 
as an example without reference being made to a figure. 

First, a desired type of data processing, which is to be 
performed in the processor field, is defined. For example, a 
Viterbi algorithm is programmed and a configuration suitable 
for the processor field in question is determined. It is then 
determined which units are used on the processor field and 
over how many cycles this is to take place. In a consideration 
of the elements used, ALUs, forward and backward registers 
(FREG and BREG) and switches in buses (LSW and RSW) are taken 
into account in one example. The total energy consumption per 
type of element is then determined, and then the total energy 
consumption of all the different units is determined. Energy 
consumption values for a single element per cycle are 
estimated from simulations of the hardware circuits in the 
architecture in question and are stored in the form of tables 
for the method according to the present invention. 

In the practical example being considered here, 10 ALUs, 17 
forward registers, 23 backward registers and 3 0 bus switches 
(LSW) are required in one direction and 35 switches are 
required in the opposite direction (RSW) for implementation of 
a given Viterbi algorithm. At an energy consumption of 
4.85 pW/Hz per ALU, 7.01 pW/Hz per FREG, 7.02 pW/Hz per BREG 
and 2.03 pW/Hz per bus switch, this yields the following 
table : 
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Number of cycles: 1582 
Energy consumption 

Overall 

characteristic 
value 

48 .50 

119 . 17 

161 .46 

60,90 
71 .05 



Total: 4 61.08 pW/Hz 

A total power consumption of 461.08 pW/Hz may now be assigned 
to the implementation of the Viterbi transformation, and the 
value obtained in this way may be compared with values 
obtained for other algorithms and/or configurations and/or 
through dedicated circuits such as ASICs. 

It should now be pointed out that the choice of one of a 
plurality of configurations may also be appropriate when the 
data processing logic cell field and/or (equivalent to that 
here) a mixed field of analog and/or digital cells (as 
described) is connected to a CPU, in particular a sequential 
CPU. 

However, a problem with conventional approaches for 
reconf igurable technologies is often encountered when the data 
processing is to be performed primarily on a sequential CPU 
using a configurable data processing logic cell field or the 
like and/or a data processing in which many and/or extensive 
processing steps are to be performed sequentially is desired. 

There are conventional approaches which are concerned with how 
data processing may take place in a configurable data 
processing logic cell field as well as in a CPU. 



ALU: 


10 . 


00 


X 


FREG: 


17 . 


00 


X 


BREG: 


23 . 


00 


X 


LSW: 


30 . 


00 


X 


RSW: 


35 . 


00 


X 



Individual 

characteristic 

value 

4.85 

7.01 

7.02 

2 .03 

2 . 03 
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Thus a method is discussed in WO 00/49496 for executing a 
computer program using a processor which includes a 
configurable functional unit capable of executing 
reconfigurable instructions whose effect may be redefined in 
runtime by loading a configuration program; this method 
includes the steps of selecting combinations of reconfigurable 
instructions, generating a particular configuration program 
for each combination and executing the computer program. Each 
time an instruction from one of the combinations is used 
during the execution and the configurable functional unit is 
not configured using the configuration program for this 
combination, the configuration program should be loaded into 
the configurable functional unit for all the instructions of 
the combination. In addition, a data processing device having 
a configurable functional unit is also discussed in 
WO 02/50665 Al ; in this case, the configurable functional unit 
executes an instruction according to a configurable function. 
The configurable functional unit has a plurality of 
independent, configurable logic blocks for execution of 
programmable logic operations to implement the configurable 
function. Configurable connection circuits are provided 
between the configurable logic blocks and both the inputs and 
outputs of the configurable functional unit. This allows 
optimization of the distribution of logic functions over the 
configurable logic blocks. 

One problem with conventional architectures is also 
encountered when there is to be a coupling and/or when 
technologies such as data streaming, hyperthreading , 
multithreading and so forth are to be utilized in an 
appropriate performance -enhancing manner. The conventional 
technology of WO 00/49496 and WO 02/50665 Al cited previously 
and mentioned here as an example shows approximately an 
arrangement for which configurations may be loaded into a 
configurable data processing logic cell field but in which 
data exchange between the ALU of the CPU and the configurable 
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data processing logic cell field, whether an FPGA, a DSP or 
the like, takes place via the registers. In other words, data 
from a data stream must first be written sequentially into 
registers and then stored in them again sequentially. A 
problem also occurs when data is to be accessed externally 
because there are still problems even then in the 
chronological sequence of data processing in comparison with 
the ALU and in the assignment of configurations and so forth. 
The conventional arrangements will be used for, among other 
things, processing functions in the configurable data 
processing logic cell field, DSP, FPGA or the like, this data 
not being efficiently processable by the ALU included in the 
CPU. The configurable data processing logic cell field is thus 
used practically to permit user-defined opcodes, which allow 
more efficient processing of algorithms than would be possible 
in the ALU arithmetic unit of the CPU without configurable 
data processing logic cell field support. 

In the related art, it has been found, the coupling is thus 
usually word-based but not block-based, as would be necessary 
for processing by data streaming. It would first be desirable 
to permit a more efficient data processing than is the case 
with close coupling via registers. 

Another possibility for using logic cell fields of logic cell 
elements and logic cells having a coarse- and/or fine-granular 
structure includes a very loose coupling of such a field to a 
conventional CPU and/or a CPU core in embedded systems. A 
conventional sequential program may run here on a CPU or the 
like, e.g., a program written in C, C ++ or the like, requests 
for a data stream processing on the fine- and/or coarse- 
granular data processing logic cell field being instantiated 
thereby. It is then problematical that when programming for 
this logic cell field, a program not written in C or another 
sequential high-level language must be provided for data 
stream processing. It would be desirable here for C programs 
or the like to be processable both on the conventional CPU 
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architecture and on a data processing logic cell field 
operated jointly with it, e.g., such that a data stream 
capability nevertheless remains in particular with the data 
processing logic cell field in quasi -sequential program 
processing, while simultaneously a CPU operation remains 
possible in a coupling which is not too loose. Within a data 
processing logic cell field system such as that discussed in 
PACT 02 (DE 196 51 075.9-53, WO 98/26356), PACT 04 
(DE 196 54 846.2-53, WO 98/29952), PACT 08 (DE 197 04 728.9, 
WO 98/35299), PACT 13 (DE 199 26 538.0, WO 00/77652), and 
PACT 31 (DE 102 12 621.6-53, PCT/EP02/10572) , sequential data 
processing may be provided within the data processing logic 
cell field. However, to save on resources within a single 
configuration, e.g., to achieve time optimization etc., a 
partial processing is achieved without resulting in a 
programmer automatically being able to easily convert a piece 
of high-level code to a data processing logic cell field, as 
is the case with conventional machine models for sequential 
processors. It is also difficult to implement high-level 
program code on data processing logic cell fields according to 
the principles of models for sequentially operating machines. 

It is also known from the related art that several 
configurations, each of which prompts a different mode of 
operation of array parts, may be processed simultaneously on 
the processor field (PA) and there may be a change of one or 
more of the configurations without interfering with others in 
runtime. Methods and means implemented in hardware for 
implementation thereof are known, for ensuring that processing 
of subconf igurations to be loaded into the field may be 
performed without a deadlock. Reference is made here in 
particular to the patent applications pertaining to the FILMO 
technique, PACT 0 5 (DE 196 54 593.5-53, WO 98/31102), PACT10 
(DE 198 07 872.2, WO 99/44147, WO 99/44120), PACT 13 
(DE 199 26 538.0, WO 00/77652), and PACT 17 (DE 100 28 397.7, 
WO 02/13000) . This technology already permits parallelization 
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to a certain extent and, with appropriate design and 
allocation of the configuration, also permits a type of 
multitasking/multithreading such that planning is provided, 
e.g., scheduling and/or time use planning control. Time use 
planning control means and methods are already known per se 
from the related art; these means and methods allow 
multitasking and/or multithreading at least when 
configurations are suitably assigned to individual tasks 
and/or threads to configurations and/or configuration 
sequences. In an example embodiment of the present invention, 
such time use planning control means, which have been used in 
the related art for configuring and/or configuration 
management, may be used for the purposes of scheduling of 
tasks, threads, multithreads and hyperthreads . 

In an example embodiment of the present invention, the 
capability may be provided for supporting modern technologies 
of data processing and program processing, such as 
multitasking, multithreading, hyperthreading, at least in 
preferred variants of a semiconductor architecture. 

In an example embodiment of the present invention, data is 
supplied to the data processing logic cell field in response 
to the execution of a load configuration by the data 
processing logic cell field and/or data is written (STORE) 
from this data processing logic cell field by processing a 
STORE configuration accordingly. These load and/or memory 
configurations may be designed so that addresses of memory 
locations which are to be accessed directly or indirectly by 
loading and/or storing are generated directly or indirectly 
within the data processing logic cell field and/or another 
unit such as an RISC architecture. By configuring address 
generators within a configuration in this way, it is possible 
to load a plurality of data bits into the data processing 
logic cell field, where it is storable in internal memories 
(iRAM) , if necessary, and/or where they may be stored in 
internal cells such as EALUs with registers and/or similar 
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separate memory means. The load configuration and/or memory 
configuration thus permits blockwise loading of data almost 
like data streaming, in particular being comparatively rapid 
in comparison with individual access, and such a load 
configuration may be executed before one or more 
configurations that actually analyze and/or alter data in 
processing, using which data loaded previously is processed. 
In the case of large logic cell fields, data loading may 
typically be performed in small subareas of the same, while 
other subareas are involved with other tasks. In ping-pong- 
like data processing in which memory cells are provided on 
both sides of a data processing field, the data streaming in a 
first processing step from the memory on one side through the 
data processing field to the memory on the other side, the 
interim results obtained in the first field data stream- 
through being stored there in the second memory, the field 
being reconfigured, if necessary, the interim results then 
streaming back for further processing, etc., one memory side 
may be preloaded with new data by a LOAD configuration in an 
array part while data from the opposite memory side is written 
with a STORE configuration in another part of the array. This 
simultaneous LOAD/ STORE procedure is also possible even 
without spatial separation of memory areas. 

Data may be loaded in particular out of a cache and into it. 
This has the advantage that external communication with large 
memory banks is handled via the cache controller without 
having to provide separate circuit arrangements for this 
within the data processing logic cell field; read or write 
access with cache memory means is typically very rapid and has 
a short latency time, and typically a CPU unit is connected to 
this cache, typically via a separate LOAD/STORE unit so that 
access to and exchange of data between the CPU core and the 
data processing logic cell field may take place blockwise 
rapidly, in such a way that a separate instruction need not be 
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retrieved from the opcode fetcher of the CPU and processed for 
each transfer of data. 

This cache coupling has also proven to be much more 
advantageous than coupling of a data processing logic cell 
field to the ALU via registers when these registers 
communicate with a cache only via a LOAD/STORE unit, as is 
known from the non-PACT Technologies publications cited 
previously. 

Another data connection may be provided to the load/memory 
unit of the or a sequential CPU unit allocated to the data 
processing logic cell field and/or the registers thereof. 

It should be pointed out that such units may respond via 
separate input/output terminals (IO ports) of the data 
processing logic cell system, which may be designed, e.g., as 
a VPU or an XPP and/or via one or more multiplexers downstream 
from an individual port . 

It should also be pointed out that in addition to blockwise 
reading and/or writing access and/or streaming access and/or 
random access in particular, in particular in RMW mode (read- 
modify-write mode) , to cache areas and/or the LOAD/STORE unit 
and/or the connection (known per se in the related art) to the 
register of the sequential CPU, there may also be a connection 
to an external bulk memory such as a RAM, a hard drive and/or 
some other data exchange port such as an antenna and so forth. 
A separate port may be provided for this access to memory 
means different from a register unit and/or cache means and/or 
a LOAD/STORE unit. It should be pointed out that suitable 
drivers, signal processors for level adjustment and so forth 
may be provided here. Moreover, it should be pointed out that 
the logic cells of the field may include ALUs and/or EALUs in 
particular but not exclusively for processing a data stream 
flowing into the data processing logic cell field or flowing 
within it and are typical. Short, fine-granular configurable 
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FPGA-type circuits may be provided at the input and/or output 
ends of these cells, in particular at both the input and the 
output ends, to cut out 4 -bit blocks from a continuous data 
stream, as is necessary for MPEG-4 decoding. This is 
advantageous first when a data stream is to enter the cell and 
is to be subjected to a type of preprocessing there without 
blocking larger PAE units. This is also advantageous in 
particular when the ALU is designed as an SIMD arithmetic 
unit, a very long data input word having a data length of 
32 bits, for example, being then split over the upstream FPGA- 
type strip, for example, into multiple parallel data words 
having a length of 4 bits, for example, which may then be 
processed in parallel in the SIMD arithmetic unit, which is 
capable of significantly increasing the overall performance of 
the system if required by a corresponding application. It 
should be pointed out that FPGA-type upstxeam or downstream 
structures were discussed above. However, it should also be 
pointed out explicitly that FPGA-type does not necessarily 
refer to 1-bit granular systems. In particular, it is possible 
to provide only f ine-granular structures having a 4 -bit 
length, for example, instead of these hyperfine granular 
structures. In other words, the FPGA-type input and/or output 
structures upstream and/or downstream from an ALU unit 
designed in particular as an SIMD arithmetic unit are 
configurable so that data words 4 -bits long are always 
supplied and/or processed. It is possible to provide cascading 
here, so that the incoming 3 2 -bit -long data words, for 
example, flow into four separate, e.g., separating 8-bit FPGA- 
type structures arranged side by side, these four 8-bit-wide 
FPGA-type structures have a second strip with eight 4 -bit -wide 
FPGA-type structures downstream from them and, if necessary, 
downstream from another such strip, sixteen 2 -bit -wide FPGA- 
type structures arranged side-by- side in parallel are then 
provided for example, if this is considered necessary for the 
particular purpose. If this is the case, a considerable 
reduction in configuration complexity may be achieved in 
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comparison with purely hyperfine granular FPGA-type 
structures. It should also be pointed out that this results in 
the configuration memory and thus also the FPGA-type structure 
possibly turning out to be much smaller, thus permitting 
savings in chip surface area. 

In principle, the coupling advantages described above are 
feasible in the case of data block streams through the cache. 
In one example embodiment, the cache may be configured in 
strips (like slices) and simultaneous access to multiple 
slices is then possible, in particular to all slices at the 
same time. This is advantageous when, as will be discussed 
below, a plurality of threads are to be processed in the data 
processing logic cell field (XPP) and/or the sequential 
CPU(s), whether by way of hyperthreading, multitasking and/or 
multithreading. Cache memory means having disk access and/or 
disk access enabling control means are thus preferably 
provided. For example, a separate disk may be assigned to each 
thread. This makes it possible to later ensure in processing 
the threads that the corresponding cache areas are accessed in 
each case on resumption of the instruction group to be 
processed with the thread. 

It should be pointed out again that the cache need not 
necessarily be divided into slices, and if this is the case, 
each slice need not necessarily be assigned to a separate 
thread. However, it should be pointed out that this is by far 
the preferred method. It should also be pointed out that there 
may be cases in which not all cache areas are utilized 
simultaneously or temporarily at a given point in time. 
Instead, it is to be expected that in typical data processing 
applications, such as those encountered in handheld mobile 
telephones (cell phones), laptops, cameras and so forth, there 
are often times during which the entire cache is not needed. 
Therefore, in an example embodiment of the present invention, 
individual cache areas may be separable from the power supply 
in such a way that their energy consumption drops 
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significantly, e.g., to zero or close to zero. In a slice-wise 
embodiment of the cache, this may be implemented by slice-wise 
shutdown of same via suitable power disconnect means. The 
power may be disconnected by downclocking or disconnecting the 
clock or the power. In one example embodiment, an access 
recognition may be assigned to an individual cache disk or the 
like, this access recognition being designed to recognize 
whether a particular cache area and/or a particular cache disk 
has a thread, hyperthread or task by which it is used assigned 
to it at the moment. If it is then discovered by the access 
recognition that this is not the case, typically a 
disconnection from the clock pulse or even the power will be 
possible. It should be pointed out that when the power is 
turned back on after a disconnect, an immediate resumed 
response of the cache area is possible, i.e., no significant 
delay is to be expected due to the power supply being turned 
on and off if there is an implementation in hardware using 
conventional suitable semiconductor technologies. 

Another particular advantage obtained with an example 
embodiment of the present invention is that although there is 
particularly efficient coupling with respect to the transfer 
of data, e.g., operands, in blockwise form, balancing is 
nevertheless not necessary in such a manner that exactly the 
same processing time is necessary in sequential CPU and XPP, 
e.g., a data processing logic cell field. Processing is 
instead performed in a manner that is practically often 
independent, in particular in such a way that the sequential 
CPU and the data processing logic cell field system may be 
considered as separate resources for a scheduler or the like. 
This allows an immediate implementation of known data 
processing program splitting technologies such as 
multitasking, multithreading and hyperthreading . The resulting 
advantage that path balancing is not necessary results in 
being able to run through any number of pipeline stages in the 
sequential CPU, for example, clock pulses being possible in 
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various ways and so forth. Another advantage of an example 
embodiment of the present invention is that by configuring a 
load configuration and/or a store configuration into the XPP 
or other data processing logic cell fields, data may be loaded 
into or written out of the field at a rate that is no longer 
determined by the clock speed of the CPU, the rate at which 
the opcode f etcher works, or the like. In other words, the 
sequence control of the sequential CPU is no longer the 
limiting bottleneck factor in data throughput by the data cell 
logic field without even a loose coupling. 

In one example embodiment of the present invention, it is 
possible to use the CT known for an XPP unit (and/or CM; 
configuration manager and/or configuration table) to use the 
configuration of one or more XPP fields arranged 
hierarchically with multiple CTs and at the same time to use 
the configuration of one or more sequential CPUs, as a quasi - 
hyperthreading hardware management /scheduler; this has the 
inherent advantage that conventional technologies such as 
FILMO, etc. may be used for the hardware -supported management 
in hyperthreading ; alternatively and/or additionally, in 
particular in a hierarchical arrangement, it is possible for a 
data processing logic cell field such as an XPP to receive 
configurations from the opcode fetcher of a sequential CPU via 
the coprocessor interface. As a result, a request may be 
instantiated by the sequential CPU and/or another XPP, 
resulting in data processing on the XPP. The XPP then 
continues with data exchange, e.g., via the cache coupling 
described here and/or via the LOAD and/or STORE 
configurations, which provide address generators for loading 
and/or overwriting data in the XPP and/or data processing 
logic cell field. In other words, this permits coprocessor- 
type coupling of the data processing logic cell field, while 
at the same time data stream-type data loading is performed by 
cache coupling and/or I/O port coupling. 
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It should be pointed out that coprocessor coupling, e.g., 
coupling the data processing logic cell field, typically 
results in the scheduling for this logic cell field also 
taking place on the sequential CPU or a higher level scheduler 
unit and/or a corresponding scheduler means. In such a case, 
in practice, threading control and management take place on 
the scheduler and/or the sequential CPU. Although this xs 
possible per se, it is not necessarily the case, at least xn 

, . . ntation of the present invention. The data 

the simplest impiementatxw" - 

•„ ™»n field mav instead be used via request xn 
processing logxc cell txexa may 

_ _ j _ case of a standard 

the conventional way, e.g., as xn the case 

coprocessor with 8086/8087 combinations. 

It should also be pointed out that in an example embodiment of 
the present invention, regardless of the type of 
configuration, whether via the coprocessor interface, the 
configuration manager (CT) of the XPP, and/or of the data 
processing logic cell field, also functioning as a scheduler, 
or the like or in some other way, it is possible to address 
m emories, in particular internal memories (in or directly on 
the data processing logic cell field, e.g., wxth the 
management of the data processing logic cell field) , xn 
particular in the XPP architecture, such as that known from 
various previous applications and publications by, of, or 
assigned to PACT Technologies, RAM PAEs or other simxlarly 
managed memories or internal memories like a vector register, 
i e it is possible to store in the internal memories the 
volumes of data loaded via the LOAD configuration like vectors 
as in vector registers and then to access this data as xn a 
vector register after reconfiguring the XPP, i.e., the data 
processing logic cell field, i.e., after overwriting, x.e., 
reload and/or activating a new configuration that performs the 
actual processing of data (in this context it should be 
pointed out that for such a processing configuration, 
reference may also be made to a plurality of configurations 
which are to be processed, e.g., in wave mode and/or 
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sequentially in succession) and then to store the results thus 
obtained and/or interim results back in the internal memories 
or in external memories managed via the XPP- like internal 
memories. The memory means thus written with processing 
results in the manner of a vector register while accessing the 
XPP are then overwritten in a suitable manner by loading the 
STORE configuration after reconfiguring the processing 
configuration, this in turn being accomplished via a data 
stream, whether via the I/O port directly into external memory 
areas and/or, as is particularly preferred, into cache memory 
areas to which the sequential CPU and/or other configurations 
may then have access at a later point in time on the XPP, 
having previously generated the data, or another suitable data 
processing unit. 

According to a particularly preferred variant, the memory, 
e.g., vector register means in which the data obtained is to 
be stored at least for certain data processing results and/or 
interim results, is not an internal memory in which data is 
stored via a STORE configuration in the cache area or another 
area which the sequential CPU or another data processing unit 
may access, but instead the results are to be stored directly 
in corresponding cache areas, in particular access-reserved 
cache areas which may be organized in particular in the manner 
of a slice. This may have the disadvantage of a greater 
latency, in particular when the paths between the XPP or data 
processing logic cell field unit and the cache are so long 
that the signal transit times become a factor, but this 
results in no additional STORE configuration being needed. It 
should also be pointed out that such storage of data in cache 
areas is possible first, as described above, due to the fact 
that the memory to which the data is written is located in 
physical proximity of the cache controller and is designed as 
a cache but alternatively and/or additionally there is also 
the possibility of placing part of an XPP memory area, of an 
XPP- internal memory or the like, in particular in the case of 
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RAM via PAEs, under the management of one or more sequential 
cache memory controllers. This has advantages when the latency 
in saving the processing results determined within the data 
processing logic cell field is to be held at a minimum while 
the latency in access to the memory area by other units, which 
then functions only as a "quasi -cache, 11 is not a factor at all 
or is not a significant factor. 

It should also be pointed out that in another possible example 
embodiment, the cache controller of a conventional sequential 
CPU addresses a memory area as a cache which is situated on 
and/or near the latter physically without functioning to 
provide data exchange with the data processing logic cell 
field. This has the advantage that when applications having a 
low local memory demand are running on the data processing 
logic cell field and/or when only a few additional 
configurations are needed, based on the amount of available 
memory, these may be available as a cache to one or more 
sequential CPUs. It should be pointed out that the cache 
controller may be designed for management of a cache area 
having a dynamic, i.e., variable, size. A dynamic cache size 
management and/or cache size management means for dynamic 
cache management will typically take into account the work 
load on the sequential CPU and/or the data processing logic 
cell field. In other words, it is possible to analyze, for 
example, how many NOPs there are on the sequential CPU in a 
given unit of time and/or how many configurations in the XPP 
field should be stored in advance in memory areas provided for 
this purpose to permit rapid reconfiguration, whether by wave 
reconfiguration or in some other way. In one example 
embodiment, the dynamic cache size disclosed herein may be 
runtime dynamic, e.g., such that the cache controller always 
manages an instantaneous cache size, which may vary from one 
clock pulse to the next or from one clock pulse group to the 
next. It should also be pointed out that the access management 
of an XPP and/or data processing logic cell field having 
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access as an internal memory as in the case of a vector 
register and as a cache-like memory for external access, with 
regard to the memory accesses has already been described in 
DE 196 54 595 and PCT/DE97/03013 (PACT03) . The publications 
cited are herewith fully incorporated into the present patent 
application and referred to for disclosure purposes. 

Reference was made above to data processing logic cell fields 
which are runtime reconf igurable in particular. It has been 
discussed that a configuration management unit (CT or CM) may 
be provided with these. The management of configurations per 
se is known from the various protective rights of or assigned 
to Pact Technologies as well as other publications by Pact 
Technologies, to which reference is made for disclosure 
purposes. It shall be pointed out now explicitly that such 
units and their functioning, using which configurations not 
yet needed at the present time are preloadable in particular 
independently of couplings to sequential CPUs, etc., are also 
highly useable for prompting a change in task, thread and/or 
hyperthread, in multitasking operation and/or in 
hyperthreading and/or in multithreading. It is possible to 
utilize the fact that configurations for different tasks, or 
threads and/or hyperthreads may be loaded into the 
configuration memory (in the case of a single cell or a group 
of cells of the data processing logic cell field, e.g., a PAE 
of a PAE field (PA) , for example) during the runtime of a 
thread or task. As a result, in the case of a blockade of a 
task or a thread, e.g., when it is necessary to wait for data 
because the data is not yet available - whether because the 
data has not yet been generated or received by another unit, 
e.g., because of latencies, or whether because a resource is 
currently still being blocked by another access, then 
configurations for another task or thread are preloadable 
and/or preloaded and it is possible to switch to these without 
having to wait for the time overhead for a configuration 
change with the shadow- loaded configuration in particular. 
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Although in principle it is possible to use this technique 
even when the most likely continuation is predicted within a 
task and a prediction is not correct (prediction miss) , this 
type of operation is preferred in predict ion- free operation. 
In the case of use with a purely sequential CPU and/or a 
plurality of purely sequential CPUs, a hyperthreading 
management hardware is thus implemented by adding a 
configuration manager. Reference is made in this regard to 
PACT 10 (DE 198 07 872.2, WO 99/44147, WO 99/44120) in 
particular. It may be regarded as adequate to omit certain 
subcircuits such as the FILMO described in the protective 
rights to which reference is made specifically, in particular 
when hyperthreading management is desired for only one CPU 
and/or a few sequential CPUs. In particular, this discloses 
the use of the configuration manager described there with 
and/or without FILMO for hyperthreading management for one 
and/or more purely sequentially operating CPUs with or without 
coupling to an XPP or another data processing logic cell field 
and this is herewith claimed separately. This is seen as 
entailing a separate inventive feature. Moreover, it should be 
pointed out that a plurality of CPUs may be implemented using 
the known techniques such as those known in particular from 
PACT 31 (DE 102 12 621.6-53, PCT/EP02/10572 ) in which one or 
more sequential CPUs are configured within an array, utilizing 
one or more memory areas in particular in the data processing 
logic cell field for the setup of the sequential CPU, in 
particular as a command register and/or data register. It 
should also be pointed out that earlier patent applications 
such as PACT 02 (DE 196 51 075.9-53, WO 98/26356), PACT 04 
(DE 196 54 846.2-53, WO 98/29952), PACT 08 (DE 197 04 728.9, 
WO 98/35299) have already disclosed how sequences may be 
configured with ring-free and/or random access memories. 

It should be pointed out that a task change and/or a thread 
change and/or a hyperthread change may take place using the 
known CT technology and preferably will take place in such a 
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way that performance slices and/or time slices are assigned by 
the CT to a software- implemented operating system scheduler or 
the like, which is known per se, during which a determination 
is made as to which parts of which tasks or threads are 
subsequently to be processed per se, assuming that resources 
are free. One example may be given here as follows. First, an 
address sequence is to be generated for an initial task; 
according to this, during the execution of a LOAD 
configuration, data is to be loaded from a cache memory to 
which a data processing logic cell field is coupled in the 
manner described herein. As soon as this data is available, it 
is possible to begin with the processing of a second data 
processing configuration, e.g., the actual configuration. This 
may also be preloaded because it is certain that this 
configuration is to be executed as long as no interrupts or 
the like force a complete task change. In conventional 
processors, there is the familiar cache miss problem, in which 
data is requested but is not available in the cache for 
loading access. If such a case occurs in a coupling according 
to the present invention, then it may be preferable to switch 
to another thread, hyperthread and/or task, this having been 
determined in advance in particular by the operating system 
scheduler, in particular a software- implemented operating 
system, and/or another hardware and/or software- implemented 
unit that functions accordingly for the next possible 
execution and therefore was loaded in advance accordingly into 
one of the available configuration memories of the data 
processing logic cell field, in particular in the background 
during the execution of another configuration, e.g., the LOAD 
configuration that prompted loading of data which is now 
waited for. It should be pointed out here explicitly that 
separate configuration lines lead from the configuring unit to 
the particular cells either directly and/or via suitable bus 
systems as is known in the related art per se for advance 
configuration undisturbed by the actual wiring of the data 
processing logic cells of the data processing logic cell field 
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designed to be of a coarse granular type in particular, 
because this embodiment permits undisturbed advance 
configuration without disturbing another configuration which 
is currently running. If the configuration to which processing 
then changes during and/or because of the change in task 
thread and/or hyperthread has been processed to the end and 
specifically in the case of preferred, indivisible, 
uninterruptible and thus quasi-atomic configurations, then to 
some extent another configuration has been processed as 
predetermined by the corresponding scheduler, in particular a 
scheduler resembling an operating system and/or the 
configuration for which the particular LOAD configuration was 
executed. Before execution of a processing configuration for 
which a LOAD configuration was previously executed, it is 
possible to test in particular whether the corresponding data 
has streamed into the array in the meantime, e.g., whether the 
latency time such as typically occurs has elapsed and/or the 
data is in fact available. 

In other words, when latency times occur, e.g., because 
configurations have not yet been configured into the system, 
data has not yet been loaded and/or data has not yet been 
stored, these latency times are bridged and/or concealed by 
executing threads, hyperthreads and/or tasks which have 
already been preconf igured and which work with data that is 
already available and/or may be written to resources that are 
already available for writing. Latency times are largely 
concealed in this way. Assuming a sufficient number of 
threads, hyperthreads and/or tasks to be executed per se, 
practically 100% utilization of the data processing logic cell 
field is achieved. 

With the system described here with respect to data stream 
capability with simultaneous coupling to a sequential CPU 
and/or with respect to coupling of an XPP array, e.g., data 
processing logic cell field and simultaneously a sequential 
CPU to a suitable scheduler unit such as a configuration 
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manager or the like, real time-capable systems may be readily 
implemented in particular. For real-time capability, the 
possibility may be provided of responding to incoming data 
and/or interrupts which signal, e.g., the arrival of data, and 
to do so within a maximum period of time that will in no case 
be exceeded. This may be accomplished, for example, by a task 
change to an interrupt or, e.g., in the case of prioritized 
interrupts, by determining that a given interrupt is to be 
ignored momentarily, and this is also to be determined within 
a certain period of time. A task change with such real time- 
capable systems may take place, e.g., in three ways, namely 
either when a task has run for a certain period of time 
(watchdog principle) , in the event of a resource being 
unavailable, whether due to being blocked by some other access 
or because of latencies in accessing it, e.g., read and/or 
write access, for example in the case of latencies in data 
access and/or when interrupts occur. 

Real-time capability of a data processing logic cell field may 
now be achieved using the present invention by implementing 
one or more of three possible variants. 

According to a first variant, there is a change to processing 
an interrupt, for example, within a resource addressable by 
the scheduler and/or the CT. If the response times to 
interrupts or other requests are so long that a configuration 
may still be processed without interruption during this period 
of time, then this is not critical, in particular since a 
configuration for interrupt processing may be preloaded during 
the processing of the configuration currently running on the 
resource that is to be changed for processing the interrupt . 
The choice of the interrupt processing configuration to be 
preloaded is to be made by the CT, for example. It is possible 
to limit the runtime of the configuration on the resource that 
is to be freed and/or changed for the interrupt processing. 
Reference is made in this regard to PACT2 9/PCT 
(PCT/DE03/000942) . 
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In systems that must respond to interrupts more quickly, it 
may be preferable to reserve a single resource, for example a 
separate XPP unit and/or parts of an XPP field for such 
processing. If an interrupt that is to be processed rapidly 
then occurs, either a configuration that has already been 
preloaded for particularly critical interrupts may be 
processed or loading of an interrupt handling configuration 
into the reserved resource is begun immediately. A selection 
of the configuration required for the corresponding interrupt 
is possible through appropriate triggering, wave processing, 
etc . 

It should also be pointed out that in an example embodiment of 
the present invention it is readily possible using the methods 
described here to obtain an instantaneous response to an 
interrupt by achieving a code re-entrance using LOAD/STORE 
configurations. After each data processing configuration or at 
given points in time, for example, every five or ten 
configurations, a STORE configuration is executed and a LOAD 
configuration is then executed by accessing to the memory 
areas which were previously overwritten. If it is ensured that 
the memory areas used by the STORE configuration will remain 
untouched until another configuration has stored all relevant 
information (states, data) by progressing in the task, then it 
is ensured that the same conditions will be obtained again on 
reloading, e.g., re-entry into a configuration or 
configuration chain that has already been begun previously but 
has not been completed. Such an interim storage of LOAD/STORE 
configurations with simultaneous protection of STORE memory 
areas that are not yet outdated, may be generated 
automatically very easily without any additional program 
complexity, e.g., by a compiler. Resource reserving may be 
advantageous in that case. It should also be pointed out that 
in resource reserving and/or in other cases, it is possible to 
respond to at least a set of highly prioritized interrupts by 
preloading certain configurations. 
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According to another example embodiment of the present 
invention, the response to interrupts includes processing an 
interrupt routine in which code for the data processing logic 
cell field is again forbidden on the sequential CPU when at 
least one of the addressable resources is a sequential CPU. In 
other words, an interrupt routine is processed exclusively on 
a sequential CPU without calling of XPP data processing steps. 
This ensures that the processing procedure on the data 
processing logic cell field is not to be interrupted and 
further processing in this data processing logic cell field 
may be performed after a task switch. Although the actual 
interrupt routine thus does not have an XPP code, it is 
nevertheless possible to ensure that in response to an 
interrupt, it will be possible to respond with the XPP at a 
later point in time, which is no longer relevant in real time, 
to a state detected by an interrupt and/or a real-time request 
and/or to data using the data processing logic cell field. 

In an example embodiment of the present invention, it is 
possible to load optimized configurations into the field on a 
data processing logic cell field coupled to a CPU, this field 
optionally including in particular an analog/digital mixed 
field and having cells with a frequency- optimized aspect 
ratio. In loading configurations, it may be very advantageous 
if buses are dynamically configurable. An example embodiment 
of the present invention therefore discloses at the same time 
a method for dynamic configuration of buses in fields of 
elements communicating with one another, e.g., reconf igurable 
fields such as processors of coarse granular fields; this is 
particularly advantageous in combination with the other 
embodiments of the present invention, but at the same time is 
also inventive on its own. 

It is already known that coarse granular fields of 
reconf igurable elements may be provided with bus systems 
running between the reconf igurable elements. In known 
applications, the bus systems which provide the connections 

NYOl 1003724V1 72 SUBSTITUTE SPECIFICATION 



for the communication of the individual elements among one 
another are configured by a central unit. The manner in which 
the bus connection is to be established may be determined in 
advance, e.g., at a compile time. It is also conceivable to 
determine it in runtime in which a bus is configured by a 
scheduler or the like for various configurations to be loaded 
at the present time, e.g., routing. Reference is made in this 
regard in particular to Patent Application 102 36 272.8 
because this patent application already shows how a selection 
may be made from different configurations for execution of one 
and the same program during runtime. 

Bus systems for reconf igurable processors in which a dynamic 
bus structure may take place are already known. It should be 
pointed out that it is possible in particular to combine bus 
systems, namely the known "global" dynamically configured 
buses and buses that are not dynamically configurable. This is 
also true of the bus systems and methods disclosed below, 
i.e., the bus systems and connection establishing methods 
described here need not be the only bus systems and/or methods 
to be provided in a field of elements to be connected. 

It is also possible - and this is also true for the purposes 
of the present invention - to provide a macrogranularity in 
addition to coarsely granular units having a fine granular 
control logic in particular such as fine granular trigger 
networks, etc.; in this macrogranularity, a plurality of 
coarsely granular elements is combined with conventional bus 
systems, etc., and several such coarsely granular elements 
that have been combined and between which bus systems may 
already be provided in a configurable or fixed manner may form 
parts of a higher-level unit communicating via bus systems. 
Hierarchical structures for such systems are known from 
DE 199 26 538.0 or PCT WO 00/77652, for example. 

It is often desirable to configure buses dynamically, in 
particular when a processor is to be used for multitasking, 
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multithreading, hyperthreading, etc. and/or in particular when 
extremely large fields of 65,536 PAEs or more, for example, 
are to be configured. 

In such a case, it is desirable to be able to ensure an 
automatic, e.g., self -generating, dynamic connection of 
starting fields and target fields within such a field. In 
addition to the PAEs known from traditional XPP technology, 
elements that may be provided as starting elements and/or 
target elements include IO ports, field- internal memories, 
memory IOs, FPGAs, sequential CPUs, sequencers, FSMs (finite 
state machines) , read-only memories, write-only memories, NIL 
devices, etc. 

In another example embodiment of the present invention, 
therefore, a method may be provided for dynamic setup of a 
connection between a sender and a receiver over a plurality of 
possible paths leading from one station to the next, in which, 
starting from a unit (sender and/or receiver) that is 
responsible for configuring the bus setup, a query is sent to 
the next stations which are ready for bus setup, a code 
number, here equivalent to a characteristic quantity, being 
assigned to these stations, starting from at least a plurality 
of stations, but preferably each free station to which a code 
number was assigned, a query being sent to the nearest 
stations according to the availability of the stations for bus 
setup, another code number being assigned to the available 
stations and this being continued until reaching the desired 
end of the bus. 

Another example embodiment of the present invention thus makes 
use of the finding that buses may be setup with no problem by 
sending queries to the next transmission stations along the 
path of a possible bus to ascertain whether these stations are 
ready for bus setup, and then, starting from stations that are 
ready, addressing these nearest stations in another step, a 
response sequence being maintained by the assignment of code 

NY01 1003724V1 74 SUBSTITUTE SPECIFICATION 



numbers to permit tracing of bus setup on the basis of this 
sequence. Although it may not be possible to advance in bus 
setup from each station that is addressed and found to be 
free, e.g., because an analysis in the station of a desired 
target point shows that bus setup has gone far in a wrong 
direction, in an example embodiment of the present invention, 
an attempt is made by each free station to which a code number 
has been assigned to further set up the bus by also addressing 
the neighbor stations of the station addressed first. 

The background for this is that there may be situations, e.g., 
when additional configurations are to be inserted into an 
almost full array, where it is necessary to allow a bus to be 
set up by way of major detours to permit bus setup reliably if 
it is possible at all. 

In an example embodiment of the present invention, a code 
number is usually assigned to each station that has been 
addressed. This is advantageous in order to ascertain that the 
station has already been addressed and thus is presumably no 
longer available when addressed from another direction. This 
prevents signal propagation from taking place after the 
neighbor stations have already been enabled again as not 
needed . 

In an example embodiment of the present invention, the 
characteristic quantity changes from one station to the next 
so that the path selected in bus setup is traceable, e.g., by 
way of backtracing. This backtracing may be performed by 
incrementing or decrementing a value reached at the target, 
e.g., with fixed increments. When a fixed increment is 
provided, there may also be cyclic counting, i.e., counting in 
a cyclic numerical space in which counting always begins again 
at a smaller value after exceeding the highest possible value 
(e.g., 1, 2, 3, 4; 1, 2, 3, 4; 1, 2, 3, 4; . . ., orl, 2, 3, 
4 , 5 ; 1,2, 3 , 4 , 5 ; 1 , 2 , 3 , 4 , 5 ; . . . ) . To then 
characterize the station to ensure satisfactory backtracing of 
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the path, a cyclic counting of at least three different 
numerical values is preferred for characterization of the 
station to ensure- satisfactory traceability of the path. 

The method described here will identify this bus to be setup, 
if bus setup between the sender and receiver is possible at 
all. In bus setup, however, a plurality of stations that are 
not needed are addressed, wherever possible, and it is 
therefore preferable to enable them again, namely after bus 
setup and/or with signaling between the sender and receiver 
that a bus path has been set up. Therefore, starting from the 
last station completing the bus setup, typically as the signal 
receiver, if the bus is set up starting from the sender and 
progressing to the receiver, the station in front may be 
addressed in reverse stepping from one code word to the other, 
and it may be ensured that the other stations addressed by 
this station and therefore not situated on the (return) bus 
path will be enabled for outside use. Bus setup proceeds from 
each station addressed and enabled for further use in other 
bus paths to other unneeded stations addressed previously. 
This ensures that all stations previously addressed for bus 
setup will now be available again. 

It should be pointed out that in addition to this method for 
enabling by backs tepping a bus path that has already been set 
up, there are also other possibilities for enabling stations 
no longer required between the sender and receiver after 
creation of a bus path. For example, a signal may be sent 
along all stations needed for the bus path, notifying the bus 
stations that they belong to the bus path. Such information 
may be sent in reverse by way of backtracing, e.g., by 
analyzing the code numbers assigned to the stations during the 
creation phase. There may then be a global release, e.g., by 
resetting all stations not being used at the moment on 
existing buses, starting from the initial station or a central 
control instance, i.e., enabling the stations for setting up a 
bus path. 
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It should be pointed out that a bus may also be enabled under 
specific conditions, e.g., after a fixed period of time has 
elapsed. However, this type of enable may prevent buses from 
being set up that could otherwise be set up. With extremely 
large processor fields, for example, it is conceivable that 
the paths may- become extremely long because a path must be 
created in a meandering pattern around and/or through various 
configurations when various cell group arrangements are 
configured into the field dynamically during operation, but 
this may take a very long time in the case of large fields. It 
is therefore preferable to ensure that a sufficient amount of 
time remains for bus setup. 

It should be pointed out that it is possible in principle, 
e.g., in the case of extremely large fields, to set up 
multiple bus paths, e.g., bus connections simultaneously 
between different stations and different receivers. However, 
this may result in two bus connections, which are to be set 
up, mutually blocking one another in their progress so that 
neither of the two buses is able to successfully set up a 
connection. In other words, this may result in a deadlock. It 
should be pointed out that such deadlock situations may also 
occur in simultaneous setups of multiple buses. It is 
conceivable that a priority may be assigned to buses to 
thereby ensure that when a bus of a high priority that is to 
be set up encounters a bus of a lower priority that also has 
not yet been set up, the stations of the bus having the lower 
priority may be occupied, i.e., the previous reservation for a 
bus of a lower priority to be set up may be ignored. The 
actual implementation of setting up such connections will then 
depend on how the logic required for implementation of the bus 
setup protocol is to be implemented in a semiconductor 
architecture, i.e., which creation is necessary in the 
individual case; and how bus setup and, if necessary, the 
attempt at a new bus setup after failure of a first attempt is 
to be regarded, whether there should and could be 
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prioritization, in which case it is conceivable to determine a 
prioritization of a bus to be set up, e.g., according to the 
importance of the macro configured into the field, the waiting 
time since the attempt at a first bus setup, etc. 

In principle, it would be possible, after reaching the goal 
starting from the start, e.g., typically after reaching the 
receiver starting from the sender typically prompting bus 
setup, to merely send a signal which indicates to the sender 
that a bus may be set up at all in order for the sender to be 
able to start sending. In such a case, a data packet to be 
sent could be sent simply like a station setup query to all 
neighbor stations. However, it would then be necessary with 
each data packet to ensure that it is possible to recognize at 
the receiver where a data packet that has been sent is first 
received, and is necessary to ensure that a certain data 
packet is received only once even if it travels over other 
convoluted paths to arrive at the receiver again later. In any 
case, however, it is preferable for the other stations to be 
freed, e.g., by backtracing after reaching the target station. 
This bus sharing signal, which is sent backward, may be based 
on the numerical values assigned to the neighbor stations. It 
should also be pointed out that the station itself may also 
notice only from which direction it has been addressed. In 
such a case, it is possible to trace back, very rapidly and 
without comparison, at the neighbor stations which code number 
values they have and moreover when it is known in the station 
which neighbor stations were addressed in bus setup, it is 
possible to ensure that the stations not sharing the bus that 
has been set up will also be freed in backtracing. 

Therefore, the code number to be assigned to a station in 
response may also be a code number indicating the direction 
from which the station has been addressed. For example, two 
bits are sufficient in the case of four nearest neighbors to 
be addressed. If the stations that were addressed while the 
bus was being set up are additionally stored, then another 
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four bits will be necessary in a four-nearest -neighbor 
architecture. Another bit may be added to characterize whether 
the station has already been addressed at all or has remained 
unaffected so far by the bus setup of the bus to be set up 
currently. If prioritization, etc. is also included, 
additional states are to be retained. It should be pointed out 
that this may take place on a fine granular level, in 
particular even when the processor field itself has a coarse 
granular structure . 

It should also be pointed out that there are various 
possibilities for permitting a second bus to be set up between 
a second sender and a second receiver, for example after 
successfully setting up a first bus between a first sender and 
a first receiver. One of the senders and/or one of the 
receivers may then also be identical. Two receivers being 
addressed from one and the same sender may also be 
appropriate, e.g., when a computation result is needed as 
input for two different branches of a program which are 
configured into different areas. One single receiver being 
addressed from multiple senders may be desired if, for 
example, two operands that are to be received from different 
configuration areas are to be gated and a response of one 
receiver via one and the same sender may be required when 
operands that were received or determined at different times 
are to be gated at one and the same receiver, e.g., in the 
form a n x a n -i. It is then possible to ensure via registers in 
the bus that such a gating would be possible setting up two 
bus systems, even if this would typically be less preferred 
(for reasons of energy consumption in the bus system) than 
local temporary storage of operands and the like. Set up of 
the additional bus or the next bus to be set up may take place 
in such a way that a signal is also sent with the station 
enable signal after provisionally reserving a station, this 
additional signal indicating to which bus that has been set up 
the station belonged, and this bus may in turn be marked by a 
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prioritization signal. When an enabling station is adjacent to 
a station that would itself like to set up a bus having a 
slightly lower priority, this is ascertainable there and the 
next bus setup may be triggered starting from this station. 
Alternatively, if all stations not needed at the moment for 
bus setup and/or thereafter are enabled, a global signal may 
be sent, e.g., from a central control instance, notifying the 
field of which bus connection is to be set up next and/or 
which priority the next bus connection to be set up should 
have. Instead of global broadcast of such bus setup 
information, signaling to a station requesting bus setup such 
as a transmitter that must reach its receiver, may also take 
place centrally in particular, and/or in a decentralized 
manner at multiple locations, e.g., in the case of 
hierarchically arranged processor fields where bus setup is 
desired within a certain area. 

Which type of station enable and/or message that another bus 
may be set up is in fact implemented will depend, e.g., on how 
rapidly the information in this regard is propagable over the 
array and/or which bus setup frequency is expected over time. 
For example, when analysis shows that the configurations 
typically needed in a field and to be processed simultaneously 
rarely require a bus setup which may also take place slowly, a 
simple implementation in terms of processor architecture may 
be selected, making do with only a few logic elements to 
ensure the appropriate control, whereas in the case when buses 
must be set up very frequently and very rapidly, a more 
complex implementation may be advisable. 

In an example embodiment of the present invention, it is 
possible to select one bus among multiple bus systems which 
are equivalent per se with regard to bus length and/or the 
number of the stations along the bus and to select it on the 
basis of various objective evaluation criteria. Although it is 
possible in principle in such a case to make a random 
selection, different criteria may be used, depending on the 
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requirement and the actual design. For example, in the case of 
architectures having different bus connections in horizontal 
and vertical directions, e.g., when the bus connections in the 
vertical direction also include registers through which data 
is to be passed, whereas there are no registers along the 
vertical direction and thus there are bus connections relaying 
data with lower energy losses (an example of such an 
architecture is Pact Technologies' XPP 128) , in setting up the 
bus setup it will be recorded how many steps have been 
traveled horizontally and vertically. This information may be 
stored in a station or transmitted jointly in a header 
together with the bus setup request signal. Such information 
is then analyzed for selection of the bus. Alternatively, a 
query may be made at each station to determine how many buses 
already exist near the station to make it possible to obtain 
an approximately uniform bus connection density throughout the 
array, for example. This procedure is advantageous, first, 
because data transport along the buses results in increased 
energy consumption due to the required reloading of bus line 
capacities of the drivers to be integrated into the buses, 
etc. This is why making the bus distribution density more 
uniform over the processor field results in a more uniform 
thermal load distribution. To this extent, the clock rate may 
be increased while maintaining the same cooling due to the 
homogenization of bus connection densities as a whole, which 
is advantageous in the area of mobile processors for laptops, 
cell phones and the like. However, homogenization of bus 
connection densities is also advantageous in increasing the 
utilization of capacity and saving resources. 

In an example embodiment of the present invention, a 
multidimensional field of reconf igurable elements may be 
provided in which bus systems for dynamic self -creation are 
provided by one of the methods described previously and/or in 
a manner apparent from the following discussion. It should be 
pointed out that the term "multidimensional field of 
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reconf igurable elements" may also include coarsely granular 
reconf igurable elements having elements such as ALUs, expanded 
ALUs, RAM-PAEs, etc., as mentioned previously, and 
multidimensionality may be obtained in the sense of the 
present invention not only through the spatial arrangement of 
reconf igurable elements one above the other and side-by-side 
but also through a certain type of connection. Thus in a 
linear arrangement of fields, two nearest neighbors are 
assigned to the elements in the middle, in two-dimensional 
fields as in page addressing, typically four nearest neighbors 
are assigned, and in a three-dimensional arrangement typically 
six nearest neighbors are assigned; this is apparent from the 
stacking of cubes and the like. The usability of triangular or 
hexagonal cells should also be mentioned as an example. 
However, it is also possible to provide additional bus 
connections running diagonally, connecting neighbors that are 
nearest but one, providing longer segments, etc. If such a bus 
structure is implemented, the result is a multidimensionality 
having a dimensional measure greater than one, this number of 
dimensions optionally also being different from an integer. In 
any case, such an arrangement is regarded as a 
multidimensional field according to the present invention. 

An example embodiment of the present invention is described 
below with reference to Figs. 6a- 6e as an example. 

Referring to Fig. 6a, a field 1 includes a plurality of 
reconf igurable cells capable of communicating with one another 
over buses that set themselves up. 

Each cell la, lb, lc, etc., to be involved in bus setup has 
internal logic elements making it possible to store 
information about whether the cell is currently already being 
used by a bus (cells marked with X in field 1) , whether the 
cell has already been addressed as a possible bus cell in a 
current bus setup and, if so, in how many vertical and 
horizontal steps bus setup has proceeded as far as the cell, 
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how many steps on the whole were involved in bus setup or 
whether the cell is still completely free and has not yet been 
addressed. To store the cells paced of f already horizontally 
and/or vertically by a bus on the path between a possible 
sender cell S and a possible receiver cell e, two memory areas 
are provided in each cell, designated as H and V in the 
figures. In addition, a memory area for the total number of 
steps performed may also be stored, as represented by the 
large number 1 through 12 in Figs, 6a-6e. The selected maximum 
number of 12 is only given as an example because in the 
selected example of a low level of complexity, this is the 
required number of steps to reach the receiver starting from 
the selected sender. The cells are also designed to share in a 
bus to be set up when they receive a bus setup request signal 
and are free and at the same time to send an inquiry to 
neighbor stations in a subsequent test to ascertain whether' 
these neighbor stations are also free for bus setup. To do so, 
they have signal sending and receiving connection circuits for 
the nearest neighbors in each case. The individual cell is 
also designed so that together with the bus setup request 
signal, information regarding the total step size already 
covered and the number of horizontal and vertical substeps (H 
and V) may be communicated to the station address. 

In an example embodiment of the present invention, bus setup 
proceeds as follows: First, the dynamically configurable array 
is operated under the assumption that all buses are set up. It 
is then assumed that certain configurations will end and it is 
necessary to configure a new configuration into free areas of 
the array in a fragmented form because a sufficient number of 
functionally suitable cells is not currently available. It is 
also assumed that there is a case in which all fields except 
those labeled as X are available for bus setup. 

Of those cells that must communicate with one another to be 
able to execute a macro that is to be configured into the 
array, a sending cell and a receiving cell are now defined. 
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This may be accomplished through the configuration and/or the 
scheduler or the like. These are marked as S in Fig. 6a. 
Sender cell S, which prompts bus setup, sends a first bus 
setup request signal to its immediate neighbors, i.e., the 
cells adjacent to its cell edges, i.e., to four cells in the 
example depicted here. These cells determine that they are 
free, that they are the first stations receiving the bus setup 
request- signals and that they are each one step horizontally 
or vertically away from the sending cell. A 0 or 1, 
respectively, is then entered into the H and V memory areas, 
respectively, in the neighbor cells, and a 1 is stored in the 
step size memory of the cell queried. 

In the second step, each free cell previously addressed again 
addresses its own neighbor cells and makes inquiries with them 
as to whether they are available for bus setup. This results 
in a number of other cells thereafter recognizing that they 
are needed for bus setup and constitute the second cells in 
the course of a bus that may be set up. In addition, 
corresponding notations regarding the horizontal and/or 
vertical step size are made in corresponding memory areas. The 
cells already marked with an X, however, ignore the bus setup 
request signal, as is the case in the fourth cell from the 
left and the second cell from the bottom. 

After the first cells have addressed their neighbor cells, it 
is clear that they may be silent in additional bus setup 
steps. A bus setup request signal is sent out only in the step 
immediately after the step which has reserved the cell sending 
the bus setup request signal. Although this prevents cells 
that are freed only during bus setup from being reservable 
again later, it does save on energy because bus setup request 
signals need not always be sent out again by all the cells 
that have already been reserved, which requires driver power, 
and this method is thus preferred for mobile applications, for 
example, where the resulting advantage is predominant in 
comparison with approaches in which cells that are freed later 
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may also be included in a bus which is being set up. However, 
care should be taken here in particular to ensure that bus 
setup is always classified as relevant in those neighbor cells 
which require the smallest step sizes along the bus. In the 
next bus setup step, the second cells then address their 
respective neighbor cells, during which cells are no longer 
able to go backward but instead may only move forward, away 
from the sender, because cells have already been reserved for 
bus setup. This continues until finally reaching the receiver 
(see Fig. 6d) . 

Now in this example, two cells have arrived at the same time 
at the receiver, both cells having the same step size 12 and 
it is possible, as indicated by the various dotted lines, to 
set up different bus paths moving backward over these cells. 
In principle a random selection would be possible here but, in 
an example embodiment of the present invention, first the V 
values are to be kept at the maximum in each stepwise run in 
the reverse direction. This results in the bus shown with a 
solid line in Fig. 6e. As soon as bus setup has been confirmed 
by stepping in reverse, all the cells not participating 
therein may be rejected and freed again. Therefore a global 
bus enable signal is emitted, indicating that all cells 
participating in a not currently set up bus may be reset. 

It should be pointed out that the manner of the bus setup is 
definable by dynamic self -organization using suitable hardware 
circuits in the cell that are obvious to those skilled in the 
art from the disclosure. 
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